
OTICE TO READER

k
7 8-0

lUmp on Uiii

b* pUc«t in ibfl himd* ui oui tv\-

di>t* or (Ulort ^atirml \a procvrrf

NO WRAPPING—NO ADORED

nO'

JAN
j,^2ocTs. Electrical
Experimenter

I.AROEST CIRCULATION OF ANY ELECTRICAL PUBLICATION JT



ctrical
233 FULTON STREET, NEW YORK

Puhlisht by Experimenter Publishing Company, Inc. (H. Gemsback, President; S. Gernsback, Treasurer;) 233 Fulton Street. New York

Vol. VI Whole No. 69 JANUARY, 1919 No. 9

SMOKE BARRAGE SAVES ESCAPING 'PLANE Front Cover
From a painting by George Wall.

AMERICAN DESTROYERS THROW DEPTH "BOMB BARRAGE" 605
SOLAR ENGINE USES SUN'S ENERGY 607
ELECTRIC DEATH TRAPS IN HUN'S RETREAT

Bv H. Winfield Secor 608
SUBMARINES IN PEACE TIME—WHAT TO' DO WITH SUR-

RENDERED U-BOATS 610
TELEPHONING FROM MOVING TRAINS 610
SMOKE BARRAGE SAVES ESCAPING 'PLANE 612
"THE LONG DASH"—A WIRELESS GUN SHOW 613
AN ALL-ELECTRIC HOT AIR BALLOON 614

THE CITY OF SPLENDID NIGHT By Amos Stote 615
"ODD PHOTO" PRIZE CONTEST—A GALAXY OF WORLD-

BEATERS 616
ELECTRICAL DENTAL AUTO FOR UPTON SOLDIERS 617
NEW BRITISH 'PLANE COASTS 20 MILES TO SAFETY 617
NEW FLASHLIGHT CUTS OFF AFTER ONE MINUTE 618
FOOLING THE DRAFT BOARD?—IT CANT BE DONE 618
WINTERTIME USES FOR ELECTRIC FANS.. By Pauline Ginsberg 619

POPULAR ASTRONOMY—GIANT JUPITER AND HIS NINE
MOONS By Isabel M. Lewis 620

NIKOLA TESLA TO WRITE "MY INVENTIONS" FOR "ELEC-
TRICAL EXPERIMENTER" READERS 622

NEW PROPOSED WIRELESS BILL AND DISCUSSION 624
EXPERIMENTAL PHYSICS — ELECTRICAL CONDUCTION

THRU GASES By John J. Furia, A.B., M.A. 626

MY RADIO "STATIC ELIMINATOR" By Dr. Nikola Tesla 627

RADIOTELEPHONE GUIDED U. S. FLYERS MANY MILES
AWAY 629

THE MANUFACTURE OF VACUUM DETECTORS.
Bv O. B. Moorehead. 630

A VERTICAL CABINET TYPE COUPLER.. By Joseph H. Kraus, Jr. 631

BUILDING A 3-INCH SPARK STATIC MACHINE.
By Dr. E. Bade 633

A 2S-INCH MODEL GYRO-ELECTRIC DESTROY'^ER—HOW I

BUILT IT 6i4

EXPERIMENTS IN RADIO-ACTIVITY—PART I—IONIZATION. 636

EXPERIMENTAL MECHANICS—LESSON IX. By Samuel D, Cohen 63J

I

ctirk mu€
^^^iERE are many different ways of produc-

1 'S57i I i„g music, and as our culture advances the

desire for better and still better music
becomes a craving of civilization. From
the ancient tom-tom to a Stradivarius vio-

lin is a long cry, and the chances are that

as our musical tastes become more refined,

still better instruments will become necessary and highly

desirable.

There are few instruments giving a more mellow and
a more "human" sound and quality of tone than a fine

violin, but we have no hesitancy in saying that it should

be possible to obtain still better results by electrical

means. Tlie field of purely electrical music has hardly

been touched. Some years ago an American inventor

produced the Telharmonium. This was one of the

earliest and best attempts at pure electrical music. The
Telharmonium was invented by Dr. Thaddeus Cahill

and he used alternating current generators, each of a

certain frequency; if a telephone receiver were connected

in the circuit, the latter would give forth a certain

very pure note. By using a switchboard arranged in

the form of an organ keyboard, wonderful musical

effects were produced.

Another more recent attempt was the pure electrical

music discovered thru researches of Dr. Lee de

Forest. He used his audion bulbs in connection with a

telephone receiver, and obtained beautiful fiute-Iike tones

of the greatest purity. The two devices just described

necessitated the use of a telephone receiver to translate

the electrical impulses into sonorous vibrations, and this

is a great disadvantage, for it ties us to a thin diafram,

which in itself cannot produce the very purest tones

obtainable. As one can readily understand, the limita-

tions of a diafram are very great and while it is pos-
sible to obtain a single pure note, it is a different mat-
ter where several pure notes in different octaves are
to be reproduced simultaneously.

A way out is suggested by the writer by pressing into

service the thermo-telephone which employs no diafram
at all, but uses a very fine platinum wire of microscopic
cross-section. This platinum wire, heating and cooling

in unison with the electrical vibrations, imprest upon
it imparts these impulses to the surrounding air. With
this device very pure electrical music can be obtained.

There should be of course many other ways to actu-

ally produce pure electrical music, and here is a wonder-
ful opporturtity for experimenters and inventors. To the

writer's mind, it seems not at all impossible that we
should take a metallic wire stretched taut and by im-
pressing an electric current upon it, vary its heating and
cooling effects so as to produce pure sounds in a suitable

receiver such as a thermo-telephone.

Dr. de Forest has shown us that beautiful music can

be produced in a vacuum tube. Paradoxical as it seems,
this nevertheless is a fact. There must be many other
ways of producing vibrations in a vacuum tube which
can be translated into an electrical current, thus pro-
ducing music.

There are also certain ways of making electromagnets
produce music—this without the adjimct of telephone
receivers,—by vibrating their entire structure. Many
other means will undoubtedly suggest themselves to our
students and scientists.

H. Gernsback.
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Solar Engine Uses Sun's Energy
SIX thousand degrees Centigrade is the

computed temperature of the sun. Its

Hght giving power is equal to 27,000,-

000,000 candlepower, a quarter of a

mile away. Scientists tell us that

only the 2,73S-millionth part of the total

energy radiated from the sun reaches our
earth, but if this were ever caused to stop

for any reason our planet would turn into a

dead, frigid ball of rock ; the present aver-

age annual temperature of 13° C, would
change, without the heat of the sun, to

73° C, of frost, it is calculated.

Experiments show that the power of the

atmosphere to trap heat is largely due to

the water vapor that it contains. It is also

due to some extent, to the carbon dioxid gas
that is one of its minor constituents, points

out Prof. Garrett P. Serviss. Carbon
dioxid is a remarkable heat retainer, but
there is only a very small quantity of
it in the air compared with the vast

bulk of the atmosphere. It only
amounts to about 3/100 of 1 per cent.

But there is this significant fact about
• it, viz., that its amount is variable, to

a slight degree at the present time,

while there is evidence from past ge-
ological history that once it was vast-

ly more abundant than it is now.
Now, how much carbon dioxid

must the air gain in order that a per-
ceptible effect on the temperature may
be produced ? Arrhenius answers this

question for us. He says that if all

the carbon dioxid now in the air were
removed, the average temperature
would fall nearly 38 degrees Fahren-
heit. On the other hand, if the pres-
ent amount were doubled the temper-
ature would
rise more
than 7 de-
grees, and if

it were quad-
rupled the
rise would
amount to

nearly lAyi
degrees
which would
be far more
than enouffh
to banish all

the glacial

suffer-
ing that we
had to en-
du r e last
winter. Even

the smaller amount of increase (7 degrees)

would probably suffice for that.

These facts are very interesting from a

technical point of view, indeed. The prac-

tical aspect of solar energy lies at present

in the hands of those who are endeavoring

to perfect a solar motor—i.e., an engine or

electric generating device which, when the

sun's rays strike it, will develop steam to

operate a steam engine, or electricity to

charge electric accumulators or storage bat-

teries. Those interested in this branch of

science will find of great interest several

articles which have appeared in back num-
bers of this journal.*

Considering later developments of a prac-

tical nature in the line of solar engines and
boilers, we may take up the work of Mr.

Shuman, of Philadelphia, Pa., who later

collaborated with a Mr. Boys, of England.
They were able in their final

developments to operate a 100

horsepower engine by means
of solar energy. This plant

was built at Meadi on the Nile,

Egypt. Prior to this excellent

work, however, we may con-

sider briefly the early solar

engines developed and tried out

at Philadelphia, Pa., by Frank
Shuman, upon which work he
started in 1906. One of these

solar engine plants installed in

•The Utilization of the Sun's En-
ergy—by H. W. Secor, March, 1916,
issue; pa^e 605.

Electricity Direct from Sunlight

—

The photo-electric cell. September,
1916, issue; page 316.

Volcano-Electnc Plant in Italy
Develops 15,000 H.P., March, 1917,
issue; page 789,

m m m^._

Photos (P)

Here We See the Sixty Foot Stream of Water, Discharging. The Electric
of Water is All Furnished By the Mirrors Which Gather and Reflect th

Boilers.

Texas being illustrated herewith. The heat

of the sun's rays strikes a large number
of mirrors, which reflect the heat to spe-

cial boilers. These produce steam to run

an engine, the latter operating an electric

dynamo. The current thus produced was
capable of operating an electric motor pump
which piimped water to a height of 60 feet

above the ground.

Mr. Shuman had running at Tacony,

Pa., a practical plant of this type, which

developed about 3^ horsepower by using

1,200 square feet of sunshine that was al-

lowed to fall on a fixt horizontal water box.

This box was fitted with a glass top and a

series of parallel horizontal black pipes were

immersed in the water. These pipes, con-

taining ether, exposed 900 square feet of

surface to the solar radiation. The water

also became heated and carried the heat to

the underside of the pipes, thus realizing a

greater efficiency. The ether boiled and its

"steam" drove a small vertical, single cylin-

der engine. The exhaust ether vapor past

into an air surface condenser and the liquid

ether from this was pumped back into the

tubes of the sun boiler. It was found that

this plant worked well even with snow on

the ground, which is explainable from the

fact that the permeability of the atmosphere

is about 20 per cent, greater in winter than

in summer.

Further tests and refinements to the

Tacony plant by Mr. Shuman resulted in

1911 in an engine and boiler which showed
considerable strides forward in their design,

the ratio of 24s square feet of sunshine per

one brake horscpon'cr having been attained.

It may be mentioned here that the pipes

const i tuting

the sun boil-

ers have in-

, ; 1 variably
been black-

e n e d. For
low temper-
atures lamp-
b 1 a ck has
been used as

the absorber,

but w here
high temper-
atures were
r e q u i red
platinum
black was
used.

( C ontinued
on page 672)
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Nikola i esla and His Inventions

By H. Gernsoack

AN ANNOUNCEMENT

SEVERAL years ago,

in the course of a

discussion, a well-

known journalist

asked me whom I

considered at present the

world's greatest inventor. I

said: "If j'ou mean the man

who really invented, in other

words, originated and dis-

covered — not merely im-

proved what had already

been invented by others,

then without a shade of

doubt, Nikola Tesla is the

world's greatest inventor,

not only at present, but in

all history."

My friend was much sur-

prised and voiced his aston-

ishment. "Surely," said he,

"you do not mean to place

Tesla ahead of such great

men as .Archimedes, Fara-

day or Edison?"

"That is exactly what 1

mean," I replied, "and be-

fore twenty-five years have

elapsed the world at large

will echo my opinion."

"But listen," persisted my
friend, "who on earth is this

man Tesla anyway? What
are his wonderful inven-

tions, what great thing has

he ever done? How is it

that the world at large does

not know him?"

"To begin with, and the better to impress you," I replied, "Tesla

has secured more than one hundred patents on inventions, many

of which have proved revolutionary. Science accords to him over

75 original discoveries, not mere mechanical improvements. Tesla

is an originator in the sense that Faraday was an originator. Like

the latter he is a pioneer blazing the trail ; aside from this he is a

discoverer of the very highest order."

"Ninety percent of the entire electrical industry pays tribute to

his genius. All electrical machinery using or generating alternat-

ing current is due to Tesla. High tension current transmission

without which our long distance trolley cars, our electrified lines,

our subways would be impossible, arc due to the genius of Tesla.

The Tesla Induction Motor, the Tesla Rotary Copyerter, the

Tesla Phase System of Power Transmission, the Tesla Steam and

Gas Turbine and the Tesla Coil and Oscillation Transformer are

perhaps his better known inventions.

"As to your last question, namely, why the world at large does

not know Tesla, it is answered best by stating that he has com-

mitted the unpardonable crime of not having a permanent press

agent to shout his greatness from the housetops. Then, too, most

of Tesla's inventions, at least to the public mind, are more or less

intangible on account of the fact that they are very technical and,

therefore, do not catch the popular imagination, as, for instance.

Nikola Tesla, from a Painting by th
This Picture Has Never

wireless, the X-ray, the air-

plane, or the telephone."

The trouble with Nikolb

Tesla is that he lives a cen-

tury ahead of his time. He
has often been denounced

as a dreamer even by well

informed men. He has been

called crazy by others who
ought to know better. For

Tesla talks in a language

that most of us do not as

yet understand. But as the

years roll on Science more

and more appreciates hi.*

greatness, and begins to pa>

him tribute more and more.

In 1893, three years prior

to the earliest' attempts in

Hertz wave telegraphy.

Tesla first described his

wireless system and took

out patents on a number of

novel devices which were

then but imperfectly under

stood. Even the electrical

world at large laughed at

these patents. But large

wireless interests had to pay

him tribute in the form of

real money, because his

"fool" patents were recog-

nized to be fundamental. He
actually antedated every im-

portant wireless invention

A few weeks ago the

world read thru news dis-

patches of a great wireless

discovery—the static eliminator. But Tesla had not only patented

systems overcoming this and other forms of interference but had

actually constructed and successfully operated devices years ago

in Colorado, under conditions where static interference was

troublesome to an extraordinary degree. A photograph of one

form of his apparatus is published with a note from him for the

first time elsewhere in this issue of the Electrical Experimenter

And so it goes. The world smiles an unbelieving smile, but Tesla's

master mind invariably sets the world aright.

I first read about Tesla in a well-known German weekly publica-

tion when I was less than 15 years old. The Editor of that publi-

cation reproduced his picture on a full page and paid high tribute

to Tesla, hailing him as the world's coming greatest electrician.

H. W. Buck, Chief Engineer, President of the American In-

stitute of Electrical Engineers, among others, said: "The work of

Nikola Tesla in his great conception of his rotary field seems to

me one of the greatest feats of imagination which has ever been

attained by human mind."

Lord Kelvin, before the British Association, commenting upon

the Tesla Transformer exhibited, said: "This is a wonderful

development of the induction coil destined to be of great

importance."

Electrical Review, commenting upon the wireless : "Mr. Tesla's

e Famous Princess Lwoff-Parlaghy.
Been Published Before.
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researches in this field have attracted world-wide attention, and

his is undoubtedly the master mind."

Der Electro-Technische Ameigcr, Berlin, and Elektrizitdt, Leip-

zig, Germany, (commenting upon Tesla's work) : "It is a com-

bination of the grandest power of technical performance with the

most vivid imagination, such as

has never before manifested itself ^^^^^^^™^^™^^^^^™™
in the human mind."

Brigadier Allen, of the United

States War Department Ccom-

menting upon Tesla's Turbine) :

"Something new in the world.

Officers are greatly impressed

with it."

While studying abroad I read

every scrap of his work I could

lay my hands on. I performed

most of his high frequency ex-

periments, and the more I saw of

his work the more imprest I be-

came. Some years ago as Editor

of Modern Electrics, I met him in

a New York shop where his fa- wm^^^^mm^^^^^^^^^^^
mous turbine models were first

built. I was fascinated with the tall, gaunt man, then about 50

years old, but looking less than 30. His extraordinary face, with

his deep set blue eyes, proclaimed the intense thinker—the philos-

opher. A few minutes' chat with him left me more than ever

convinced of his greatness.

Further contacts during the past few years still enhanced my
opinion of him. Tesla is a man of extraordinary knowledge. He
is remarkably well read and has a photographic memory whereby

it is possible for him to recite page after page of nearly every

classical work, be it Goethe, Voltaire or Shakespeare. He speaks

and writes twelve languages. He is an accomplished calculator,

who has Httle use for tables and text-books and holds the sliding

rule in contempt. Tesla has received numerous honors and dis-

tinctions of all kinds. He is a knight of several orders, holder of

many titles and diplomas. Some time ago he was awarded the

Elliott Cresson gold medal by the Franklin Institute and last year

the Edison medal by the American Institute of Electrical Engi-

neers. Many extraordinary distinctions have been offered to him
which he has declined. As of timely interest one instance may be

mentioned. At the announcement of Tesla's high frequency dis-

coveries, while the former Emperor of Germany was all-powerful

and great men were eager for his favors, Tesla received an invita-

tion from him and the Empress to repeat his celebrated experi-

ments at the Royal Palace in Berlin. He forgot all about it and
did not answer for one year, when he politely apologized for his

inability to avail himself of the honor. Later the invitation was
renewed and nearly two years past before Tesla answered to the

same effect. After a lapse of time, however, upon the announce-

ment of another impor-

tant invention, he re- ——li^^^^^—^^^^^^^^^—

—

ceived the invitation for

the third time, with the

assurance that an alto-

gether unusual honor

was reserved for him.

"Well, boys," said

Tesla to his assistants

after he laid the invi-

tation which he never

answered aside, "the

Ejnperor must be a

great man. I do not

think that I would be mm^mmmmmmmm^^^^^mm^mm^^i^^^^^
capable of acting in this

way if I were in his place." Perhaps the most remarkable tribute

was paid to him when he made his famous experiments in Colo-

rado in 1899. It was by J. Pierpont Morgan, the elder, who do-

nated $150,000, which enabled Tesla to produce artificial light-

ning and incidentally to electrify the entire earth.

BY special arrangement the ELECTRICAL
EXPERIMENTER will, beginning with

the next issue, publish a series of articles en-

titled "My Inventions", by Nikola Tesla. The
great inventor will contribute a signed article

monthly, which articles will run for several

years. Most of this material has never ap-

peared in print before. The articles will be

publisht in book form later. We consider this

announcement the most important we ever

made. THE PUBLISHERS.

Some of Tesla's inventions have been of far-reaching impor-

tance in the War. The resources and productive powers of the

country have been greatly increased thru extended use of his

system of alternating current transmission and transformation of

energy. Nearly ten million horsepower of water falls have been

harnest by this means, thus sav-
^^^^^^^^"^^^^"—

"

^^^ ing forty percent of the entire

coal output of the United States.

The railroads have been electrified

and his induction motor has revo-

lutionized the steel industry and

operation of factories. His elec-

tric drive has been adopted on the

largest cruisers and battleships as

the most perfect means of pro-

pulsion. His wireless inventions

have proved indispensable and his

oscillatory apparatus has been of

inestimable service in chirurgical

and therapeutic treatment in the

field.

The technical prints abound with

^^m^mmm^^mm^^^^^mmm^m his work, his inventions, his dis-

coveries. The following is only

a partial list of terms now adopted and published in text books

and technical works

:

NIKOLA TESLA, in the opinion of authorities, today is con-

ceded to be the greatest inventor of all times. Tesla has

more original inventions to his credit than any other man in his-

tory. He is considered greater than Archimedes, Faraday, or

Edison. His basic, as well as revolutionary, discoveries for sheer

audacity have no equal in the annals of the world. His master

mind is easily one of the seven wonders of the intellectual world.

H. GERNSBACK.

Tesla electro-therapy

Tesla electrical massage

Tesla currents

Tesla transmission

Teslaic experiments

Tesla capacity

Tesla arclight system

Tesla third brush regulation

Tesla devices

Tesla sparks

Tesla arrangements '

Tesla theory

Tesla point

Tesla Steam Turbine

Tesla Gas Turbine

Tesla Water Turbine

Tesla Pump
Tesla Compressor
Tesla Igniter

Tesla condensers

Tesla electro-static field

Tesla effects

Tesla wireless system

Tesla methods of wireless
transmission

Tesla magnifying transmitter

Tesla telautomata

^— Tesla insulation

Tesla underground

transmission, etc.

The other night the

Editors of the "Ex-

perimenter had the

opportunity of passing

an evening with Tesla.

We talked about many
things, so interesting,

that I will reserve them

for another article—but

mostly, of course, the

i^^^^^^^^i^^^^i^^^m^^m^^^mim conversation centered

about Tesla himself.

"Dr. Tesla," I said to him, "you are aware of our great

admiration for you, which may or may not be important. But

the great public knows little of your mark. Even many of those

technically educated—excuse the frankness—think that you are

(Continued on page 657)

Tesla two-phase, three-phase,

multi-phase, poly-phase sys-

tem of power transmission

Tesla principle

Tesla rotating magnetic field

Tesla rotating magnetic field

transformer

Tesla induction motor

Tesla split-phase motor

Tesla system of distribution

Tesla rotary transformer

Tesla system of transforma-

tion by condenser discharges

Tesla coil

Tesla oscillation transformer

Tesla electrical oscillator

Tesla mechanical oscillator

Tesla high frequency machines

Tesla dynamo-electric oscilla-

tor

Tesla tube

Tesla lamp

Tesla high-potential methods

Tesla inductor

Tesla marvels

Tesla impedence phenomena
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An All -Electric Hot Air Balloon

THE captive balloon as used by the

Allied armies at tlie present time is

invariably filled with hydrogen or

other gas supplied from steel bottles

containing this gas stored at a high

pressure, or else it is obtained from manu-
facturing supply stations on the field. The
first balloons ever used—the old "Mont-
golfieres"' of 1783—were made to rise by
means of hot air, for, as we all know,

and after a short time the heated air rush-

ing up into the balloon causes the envelope
to become very light and it rises in the air.

Some of these balloons will travel for

miles, and years ago it was not an uncom-
mon sight in Europe to see hot-air balloons

ascend with several men.
There has always been, however, a seri-

ous objection to a hot-air balloon where
the heater was of the flame or similar type.

point to another. Either the autoialbile

engine or a separate gasoline engine moimt-
ed on the truck drives a dynamo, which sup-

plies current for an electric healer in the

balloon. By means of suitable clutches, the

engme may be caused to drive the dynamo,
or else thru a chain drive, it may be con-

nected up to rotate the cable winch drum.
The dynamo makes connection to a duplex
power cable reeled around the drum, and

this leads up to the balloon basket.

Also the telephone circuit is car-

ried up to the balloon thru the

drum or otherwise, so that those

on the ground are in telephonic

connection at all times with the

observer in the balloon basket, and
under battle conditions he would
also be in telephonic communica-
tion at all times with "field head
quarters," so as to report the posi-

tion of enemy guns, troops, etc.

Referring to the balloon in de-

tail, we find that it is provided
with an electric grid heater, and
also a motor-driven blower and
connecting tube, so that whenever
the blower is operated, air is

pumped up into the balloon en-

velope, the air passing thru the

electric grid heater. The balloon
bag is fitted with a suitable damper
in the lower opening and a relief

valve at the top in the usual man-
ner, the relief valve being con-
nected to the observer's basket by
means of a small rope. When it

is desired to descend, the observer
may open the motor blower switch

in the basket, and thus aid the

hauling in of the balloon, for as

the temperature of the air within
the balloon bag falls the balloon
naturally tends to descend toward
the earth.

A New Form of Heated Air Balloon, the Air In the Bag Being Kept Contmuaiiy Hot, to Any Degree

Desired, by an Electric Heater in the Neck of tie Envelope. Current Is Sent Up to the Balloon

Basket from a Gasoline Engine-Dynamo Set Mounted on the Truck Below. 7eleP[\<>"^ Connection

Between the Truck and the Observer Aloft Is Available. A Motor-Blower Drives Heated Air Into

the Balloon Envelope.

heated air is lighter than cold air, and will

always rise. If the heated air is of suffi-

cient volume, it will also carry a body up
with it, such as a balloon envelope for ex-

ample. All of us have seen the simple bal-

loons which patriotic Americans are wont
to liberate on the Fourth-of-Ju!y, and which
are composed of nothing more than a bal-

loon-shaped paper bap at the bottom opening
of which there is secured either an ab-

sorbent wick containing gasoline, or a small

alcohol lamp. We simply light the lamp.

for there was always in this case the con-

stant danger of the balloon becoming
ignited, with disastrous results. It has re-

mained for Mr. James N. Lewis of Detroit,

Michigan, to invent and patent an all-elec-

tric hot-air balloon, which is illustrated in

detail in the accompanying illustration. Mr,

Lewis makes use of an automobile winch to

haul in the balloon, and to act as a mobile

station, a trailer being hooked behind the

winch, in which to carry the balloon bag
and basket while being transported from one

8,700,000 AMERICAN HOMES
LIGHTED BY ELEC-

TRICITY.
From the compilation made by

ihe Society for Electrical Develop-
ment it is shown that there are

20,689,000 families in this country,
of which 7.000,000 have yearly in-

comes of $900 or more. However,
the yearly average family income
before the war was under $626.

Over 13,000.000 families are too

poor, too illiterate, or otherwise
unfitted to buy electrical goods
Over 8,700.000 homes are elec-

trically lighted and 120,000,000

sockets contain Mazda lamps. In

over 30,000,000 sockets are carbon
lamps. It is estimated that 9,000,-

000 sockets are empty.
Homes lighted by other means

15,000.000; some are wired but not

connected up for service. Elec-

tric service is available in 10,613

communities of the United States,

compared with 3,54.S communities
that are being served with gas.

ELECTRIC SEARCHLIGHTS.
Ranges of electrical searchlights vary

from between one thousand to two thou-

sand yards in foggy weather to ten thou-

sand yards or more when the air is very
clear. The average sea range is approxi-

mately six thousand yards, but there are

cases on record where ships have been spot-

ted at a distance of nine miles. These fig-

ures are based on a sixty-inch mirror and a

twenty-thousand watt arc.
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The Effect of Statics on Wireless
Transmission

By NIKOLA TESLA
Written for the ELECTRICAL EXPERIMENTER

AFEW statements regarding these
phenomena, in response to a request

of the Electrical Experimenter,
'may be useful at the present time

in view of the in-

creasing interest and
importance of the

subject.

The commercial
application of the

art has led to the

construction of larg-

er transmitters and
multiplication of
their number, great-

er distances had to

be covered and it

became imperative to

employ receiving de-

vices of ever increas-

ing sensitiveness. All

these and other
changes have co-

operated in empha-
sizing the trouble

and seriously im-
pairing the reliability

and value of the

plants. To such a

degree has this been
the case that con-
servative business
men and financiers

have come to look
upon this method of
conveying intelli-

gence as one offer-

ing but very limited

possibihties, and the Government has deern-

ed it advisable to assume control. This

unfortunate state of affairs, fatal to enlist-

ment of capital and healthful competitive

development, could have been avoided had
electricians not remained to this day under
the spell of a delusive theory and had the

practical exploiters of this advance not per-

mitted enterprise to outrun technical com-
petence.

With the publication of Dr. Heinrich
Hertz's classical researches it was an ob-

vious inference that the dark rays investi-

gated by him could be used for signalling

purposes, as those of light in heliography,

and the first steps in this direction were
made with his apparatus which, in 1896,

was found capable of actuating receivers

at a distance of a few miles. Three years

prior to this, however, in lectures before

the Franklin Institute and National Elec-

tric Light Association, I had described a

wireless system radically opposite to the

Hertzian in principle inasmuch as it de-
pended on currents conducted thru the

earth instead of on radiations propagated
thru the atmosphere, presumably in straight

lines.

The apparatus then outlined by me con-

sisted of a transmitter comprising a pri-

mary circuit excited from an alternator or
equivalent source of electrical energy and
a high potential secondary resonant circuit.

Tesla's Static Eliminator, Patented and Used by Him over Twenty Years Ago. It Will
Fully Described In an Early Issue of the Electrical Experimenter

connected with its terminals to ground and
to an elevated capacity, and a similar tuned
receiving circuit including the operative de-
vice. On that occasion I exprest myself
confidently on the feasibility of flashing in

this manner not only signals to any ter-

restrial distance but transmitting power in

unlimited amounts for all sorts of industrial
purposes. The discoveries made and experi-
mental results attained I made with a wire-
less power-plant erected in 1899, some of
which were disclosed in the Century Maga-
zine of June, 1900, and several U. S. patents
subsequently granted to me have, I believe,

borne-out strikingly my foresight. In the
meantime the Hertzian arrangements were
gradually modified, one feature after an-
other being abandoned, so that now not a
vestige of them can be found and my
system of four tuned circuits has been uni-
versally adopted, not only in its funda-
mentals but in every detail as the "quench-
ed sparks", "ticker", "tone wheel", high fre-

quency and rotating field alternators, forms
of discharges and mercury breaks, fre-

quency changers, coils, condensers, regu-
lating methods and devices, etc. This fact

would give me supreme satisfaction were
it not that the engineers, misinterpreting the

nature of the effects, are making install-
ments so defective in construction and
mode of operation as to preclude the pos-
sibility of the great realization which might

be brought within
easy reach by proper
application of the
underlying principles
and one of which

—

the most desirable at

present—is the com-
plete elimination of
all static and other
interference.

During the past
few years several
emphatic announce-
ments have been
made that a perfect
solution of this

problem had been
discovered, but it

was manifest from
a casual perusal of
these publications
that the experts
were ignoring cer-

tain truths of vital

bearing on the ques-
tion, and so long as

this was the case
no such claim could
be substantiated. I

achieved early suc-
cess by keeping the.'

steadily in mind anu
applying my efforts

from the outset in
the right and correct scientific direction.

I may contribute to the clearness of the
subject in answering a question which I

have been asked by the Editors of the
Electrical Experimenter with reference to
the report contained in the last issue, that
signals had been received around the globe,
an achievement the practicability of which
I have fully demonstrated by experiment
eighteen years ago.
The question is, how can Hertz waves

be conveyed to such a distance in view of
the curvature of the earth ? A few words will
be sufficient to show the absurdity of the
prevailing opinion propounded in text books.
We are lining on a conducting globe sur-

rounded by a thin layer of insulating air,

above which is a rarefied and conducting
atmosphere. If the earth is represented Dy
a sphere of 12^" radius, then the layer
which may be considered insulating for high
frequency currents of great tension is less
than 1/64 of an inch thick. It is held that
the Hertz waves, emanating from a trans-
mitter, get to the distant receiver by suc-
cessive reflections. The utter impossibility
of this will be evident when it is shown by
a simple calculation that the amount of

(Continued on page 658)

Be
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HE RRACUE
The "Oracle" Is for the sole benefit of all electrical experimenters. Questions will be answered here for

the benefit of all, but only matter of sufBcient interest will be publisht. Rules under which questions wlU
be answered:

1. Only three questions can be submitted to be answered.
2. Only one side of sheet to be written on; matter must be typewritten or else written In Ink, no

penciled matter considered.
3. Sketches, diagrams, etc., must be on separate sheets. Questions addrest to this department cannot

he answered by mail free of charge.
4. If a quick answer is desired by mail, a nominal charge of 25 cents is m.ide for each question. If the questions entail considerable

research work or intricate calculations a special rate will be charged. Correspondents will be Informed as to the fee before such questions
are answered.

FIRING TWO FLASH-LIGHT POW-
DER PANS SIMULTANEOUSLY.
(970) Fred Wheeler, Gait, Ont., Can.,

wants to know

:

Q. 1. How to fire two or more flash-

light pans simultaneously.
A. 1. For firing flash-light powder at

Ponder
Tnesegops ifx>u/d

'A? smoi/aadiustabia

lot

Hililili-
^^ I

±

Coil

Firing Two Flash-Llght Powder Pans at
Once by Means of Spark Coil. Several

Flashes May Be Ignited at Once.

two places simultaneously, we refer you
to arrangement as per diagram. Use a

spark coil and battery as indicated in dia-

gram. Wire the two or more flash pans in

series. Keep the spark gap in each pan
small—1/16" gap is sufficient.

HOW TO TELL DYNAMO
POLARITY.

(971) Paul Miles, Chicago, 111., inquires:

Q. 1. How can the positive terminal of a

small D. C. dynamo be determined?
A. 1. Off-hand we cannot tell you which

is the positive brush. However, we advise

you to make the following test: In a 50%
solution of salt water put two wires con-

nected to the dynamo, and note from which
wire the most bubbles come off. This is

the negative wire.

A 4-volt dynamo will give about 3 am-
peres. However, much depends upon the

condition of the brushes (contact, pres-

sure, etc.), and the condition of the bat-

teries. We would advise you to refer to

"Lessons in Practical Electricity and Mag-
netism," by Swoope, which can be pur-
chased thru our Book Department for $2.25,

postpaid.

SPEED CONTROL OF A.C.
MOTORS.

(972) Hugh McPherson, Borden, Sask.,

Can., asks

:

Q. 1. How can I control the speed of a
30 H.P. AC. 3-phase motor?

A. 1. The speed of the 30 H.P. A.C. 3-

phase motor can be regulated in several

ways, some of the best of which are as

follows

:

The voltage applied to the motor is va-

ried by a transformer from which several

taps are brought out to a controller, thereby

varj'ing the speed. Again, by means of an
induction regulator which consists of a pri-

mary and secondary winding, having an
iron core with one of the windings so ar-

ranged as to allow of being varied thru 180
magnetic degrees.

The above methods are really best for
single-phase service, while the following
method is very good for the three-phase
service : In this method the speed can be
varied by changing the number of poles

of the motor connected in the circuit by

illllliilllll

B ODD PHOTOS WANTED AT
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,
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i
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B should be accompanied by a brief de-
M scription of 100 to 150 words. Give
B the "facts"—don't worry about the
= style. We'll attend to that. Enclose

I stamps if photos are to be returned
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g lation. Look around your town andm see what you can find that's interest-

m Address photos to—Editor "Odd
m Photos", Electrical Experimenter,
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means of suitable switches or by varying
the current by a suitable rheostat connected
in the respective legs of the wound rotor
circuits. This last method also applies to

the single-phase system, wherein the cur-

rent is varied by means of a rheostat.

LOOSE COUPLER AND DIS-
TRIBUTED CAPACITY.

(973) C. W. Opert, Freeport, 111., wishes
to know

:

Q. 1. Several points about making a
loose coupler transformer for radio re-

ceiving circuits.

A. 1. In constructing a loose coupler,

the best way to take the taps off is as fol-

lows: At the required part of the coil,

punch a hole in the cardboard tube and
bring about 18 inches of wire right thru
this hole by looping the wire, and then
pushing it thru. All that remains to be
done now is to continue winding the coil

until all the taps have been made.
We provide coils with dead-end switches

in order to get rid of the distributed ca-

pacity. Distributed capacity is the capacity
which e.xists between the turns of a helical

coil, and for your benefit we refer you to

an extensive article on this subject which
was printed in the May, 1917, issue of this

journal.

TESLA COIL FOR 2-INCH SPARK
COIL.

(974) R. Conover, New York, N. Y.,

inquires of "The Oracle"

:

Q. 1. For data on a Tesla coil suitable

for use on a 2-inch spark coil as an exciter.

A. 1. The ordinary Tesla coil, especially

designed to work with a spark up to 2
inches on the primary side will do, and
is briefly described as follows. The pri-

mary should consist of 14 turns No. 10
solid, rubber-covered copper wire in one
layer on a spool A'/i inches in diameter,
while the secondary consists of a coil 2^
inches in diameter and 12 inches long,

wound its full length with a layer No. 28
enamel wire.

This size of Tesla coil can be furnished
by the leading companies who advertise
in our magazine. It is best to use two one-
pint Leyden jars connected in parallel or
a one-quart Leyden jar.

The construction for a glass plate con-
denser for the above Tesla coil is as fol-

lows : Procure five glass plates 6x7x1/16"
and four pieces of tin-foil 5x6 inches. The
tin-foil should be placed between the five

plates so that two ends of the tin-foil pro-
trude from the sides of the glass. The
size of the spark obtained from the above
Tesla coil will be about J4 to I '"ch and
can be taken thru the body without any
harm.

(Continued on page 648)
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NIKOLA TESLA AND HIS

INVENTIONS.

(Continued from page 615)

either a dreamer or, worse yet, crazy.

The fact is the world does not understand
you because you live in the next century.

Moses was a great man, but the Bible

teaches us that he was "heavy of tongue"
and could not make himself understood.

His brother therefore always spoke in his

stead, announcing to his hearers what Moses
had to say. Why not let the Experimenter
be your brother? Why not let us translate

your work into a language that the man
in the street can readily understand? We
have the knowledge and the technical train-

ing to do your inventions justice by means
of graphic illustrations and wash drawings.

The public does not want patent drawings
or patent language. It wants pictures and
plain English. You are a great inventor,

but your 21st Century training prevents

you from making yourself understood to a

20th Century public. My plan is to run one
of your inventions every month, in plain

English fully illustrated. That means that

it will probably take over two years to deal

with all of your more important inventions.

At the end of this period the articles can

be published in book form, a thing that

does not exist at present. The plan is two-
fold. First, the world at large will at last

understand the highly important work you
have accomplished and will fully recognize

you. Second, it will be of greatest benefit

to Science, to whom your inventions will

then not be the sealed book they are today."

Knowing that Tesla had in the past con-
tinuously refused similar offers of dozens
of great publishers of this country as well

as abroad, I was not at all sanguine of my
own plan. Great was my surprise there-

fore, that he not only gave his consent, but

he actually agreed to prepare each article

personally with the Editors' collaboration.

Dr. Tesla wants it expressly understood
that he is undertaking this great work
chiefly to educate the young generation.

He felt that he could not possibly reach

such a large electrically trained young man-
hood, save thru the medium of the Elec-
trical Experimenter. With its circulation

above 100,000. all enthusiastic experiment-
ers, Tesla feels that his greatest mission in

life, namely, to assist our rising generation,

will come near fulfillment.

Nikola Tesla's articles will therefore
run serially every month in the ELEC-
TRICAL EXPERIMENTER. The ar-

ticles will be entitled: "My Inventions"
—by Nikola Tesla. Every article will be
entirely original; each will be illustrated
with our own new illustrations and with
such wash drawings as made this jour-
nal so successful. The first article will

appear in our February number.

We wish to congratulate E,\perimenter
readers for having obtained for them prob-

ably the greatest technical news feature of

a generation. I caution you: Expect much!

machine. The rural telephone is invading

country districts at the rate of many miles

per day, and all farm machinery is being

operated by the aid of tractors, which now
haul the wagon and work the hay loader in

the hay field. Next year, it is said, reapers

and mowers in great numbers will be drawn
by tractors.

DEVICE FOR PROTECTING ELEC-
TRIC MOTORS.

A motor protection system which, it is

claimed, does away with the trouble and ex-

pense of cleaning motors, has been devised

and marketed. The usual type of installa-

tion, it is pointed out, in working out this

system consists of casings which enclose

each end of the motor and make it dust

proof. A fan is attached to the end of the

motor shaft, a dust separator, and an air

intake pipe running to a clean air supply

out of doors. When the motor is started,

the fan draws in the cool, fresh air thru

the dust separator and forces it against the

rear end of the motor, thru the windings
and out thru the laminations. Part of the

air is forced thru a by-pass to the front

hood so that the same action takes place

on both sides of the motor.
As a result, it is pointed out that the

motor is kept clean and has a large volume
of cool, clean air constantly passing thru it

which carries away the heat as fast as gen-
erated. Motor casings are provided with

FARMERS AND ELECTRICITY.

Within the past three years the farmers
of the United States have purchased one
million automobiles and 100,000 tractors

and innumerable pumping engines, and
other devices run by electricity, according
to widely publisht estimates. Farmers ev-
erywhere are rapidly advancing in the
same direction, progress in labor-saving
contrivances being phenomenal in this coun-
try. A motor does the churning; a motor
runs the sewing machine and the washing

Forced Air Cooling Apparatus Shown In-

stalled on a Motor.

large doors to permit of a ready inspection

of brushes, resistance, air-gap, bearings,

and the like. The dust separator is also

provided with doors so that the screens can
be readily removed. The equipment can be
applied to motors without moving them and
requires a short time to install. Besides re-

ducing the temperature and increasing the

efficiency, the maker points out that the

protection provided allows the carrying of

a large overload without shortening the life

of the motor and eliminates fire hazards.

DANIELS TELLS OF FOE RADIOS
SCOUTS FOUND.

A telegram from Secretary of the Navy
Daniels received by the Boy Scouts of
America characterized them as "chivalrous
young crusaders" because of their work
during the war. It also disclosed that the
Scouts, working on behalf of the Govern-
ment, had discovered hundreds of illegal

wireless plants.

Twenty-six of these plants were found
in one day. A German alien, operating an
underground radio station with a small
New England river supplying the motive
power, was taken into custody and interned.
This plant was said to have been exchang-
ing German Government messages between
America and Berlin. Details of these scout
activities are expected to be made public
later.

"I Can Succeed!"
"What other men have done with the

help of the International Correspondence
Schools, I can do. If the I. C. S. have

raised the salaries of other men, they can

raise mine. If they have helped others

to advance, they can help me. To me,

I. C. S. means 'I CAN SUCCEED." "

Make up your mind right now that not

another day shall pass until you have
made your start toward success.

For27years men in offlees, stores, shops,

factories, mines, railroads, and in the

Army and Navy have been winning pro-

motion and increased salaries through

the I. C. S. More than 100,000 men and

women are getting ready right now with

I. C. S. helpTor the bigger jobs ahead.

No matter where you live, the I. C. S. will come to

you No matter what your handicaps, or how small

your means, we have a plan to meet your circum-

stances. No matter what career you may choose,

some one of the 280 I. C. S. Courses will surely suit

your needs.

When everything has been made easy for you—
when one hour a day spent with the I. C. S. in the

quiet of your own home will bring you a bigger

income, more comforts, more pleasures, all that

success means—can you let another single price-

less hour of spare time go to waste? Make your
start right now! This is all we ask: Without cost,

without obligating yourself in any way. put it up
to us to prove how we can help you. Just mark
and mail this coupon.

INTERNATIONAL CORRESPONDENCE SCHOOLS
BOX 6170, SCRANTON, PA.
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THE SET UNCLE SAM USES

"Uncle Sam" needs thousands of operators aud Is calling for more all the time. Here !s your
chance to become an expert telegrapher at a small cost. The practice outfit shown here Is exactly
the 8&me as used by the United States Signal Corps and comprises the fotlovrlng

:

A hlfhlj pollsbed mabogany flnlabed wood base, a real high frequency buzzer giving a high
note, with nickel-plated case, regulation nlckel-plat«d steel terer key. Also brasa etched plate show-
ing the three International codas mounted on the base for quick practice. A new feature not found
on any other set. You simply cannot mislay this code.

This outfit quickly gives you speed, and enables you to learn telegraphy, Morse or wireless code
In a short time. Special attention Is called to the buzzer which gives a clear high note, not a
rattling noise as many Inferior outfits now on the market. IMMEDIATE DEUVERY. We ahlp the
same day that order Is received- Your money refunded If you are not Katlsfled.

Priot M llluitratsd. A #% O /\ Ineludt fufflcltnt pottage
Shipping weight 2 lbs. ^/ ^11 ^^^ mallino Send Tor

Siie ovtr all 6''x2"x7V4''. W^0\J\J fr«« Illustrated fold«r.

THE TEWNO CO. 150 CHAMBERS ST., NEW YORK

VLi)t preafeersi

Atlantic City's Newest
Fire-Proof Hotel

Ocean Front. Unusually attractive

during the Autumn and Winter sea-

BODS.

American and European Plans

LuxurlouB lobbies, spacious verandas and sun parlors overlooking the ocean.
Charming afternoon musicales and evening concerts. A palatial residence
for those seeking rest and recreation. Sea water baths. Fireproof garage.
Illustrated booklet sent on request.

MAGNETIC
RECnnER

PftUnud
AprU 18. 1(11

YOUR lights will shine and sparkle with de-
light, your horn will squawk raucously and

your engine will turnover enthusiastically if

you play godfather to your starting and light-

ing battery by giving it an

F-F BATTERY BOOSTER
A few minutei of your time once a month or so will

rejuvenate your battery and prolong indefinitely its

working life.

Write today for bulletin No. 12 and obtain a prescrip-

tion for this battery panacea.

The France Manufacturing Company
10325 Berea Road, Cleveland, O.

Super-Sensitive Microphone Only $7.50
Tbis InBtmmcnt la offered at ux extremelj low
^..c& It la QXceUeot for balldlna roar own radio

amplifier. Can alio t>« used In manj tiperlmBnt<
ihere a ienaltlve microphone ! reouLred.

DETECTAGRAPH $15
Ttaa detecting Inatrument of murelvQa a«n>lUnty
can be uaed lor detecting secret conTenatlona. Oui-

flt conslsu of SenaiUve Tranraltter. 25 fL Black
Cord. BeeelTer. neadband. C4ae And Batterr-

Send for One Today and Conoince Yourse!

GASTON BOISSONNAULT
26 Cortlandt Street New York

Mik>n of SuDW-S«>iltlv« Mltrodlont Ap»«ratui DETECTAGRAPH $15

A WIRELESS OUTFIT FOR 20c
We at la^i hare a low-priced wlrcleta tel'-graph ira-
tem. Wiih Oils outfit 70X1 can recelre &nd send mee-
age* to your frlmda and sweetheart* or neighbors
acrou the ball, etc. Tbls ot^tflt corulsta of two me-
chanical anapper tounders, one for each ttatloa; alao
two codes of Morse Alphabet, which, with practice, will
oiable you to operate any telecraph system. Complete,
postpaid, for 20c In coin.

THE A. B. CO. (305 PMfIa St CHICAQO

AFNESS IS MISERY
1 know because 1 was Deaf ftad bad Head
Noisea for over 30 years. My icTiiibU
Anti-septic Lar Drumt restored my bear-
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THE EFFECT OF STATICS ON
WIRELESS TRANSMISSION.

{Continued from page 627)

energy received, even if it could be col-

lected in its totality, is infinitesimal and
would not actuate the most sensitive instru-

ment known were it magnified many million

times. The fact is these waves have no per-

ceptible influence on a receiver if situated

at a much smaller distance. It should be
remembered, moreover, that since the first

attempts the wave lengths have been in-

creased until those advocated by me were
adopted, in which this form of radiation

has been reduced to one-billionth.

When a circuit, connected to ground and
to an elevated capacity oscillates, two eflfects

separate and distinct are produced ; Hertz
waves are radiated in a direction at right

angles to the axis of symmetry of the con-
ductor, and simullaneotisly a current ii

passed through the earth. The former
propagates with the speed of light, the lat-

ter with a velocity proportionate to the

cosecant of an angle which from the origin

to the opposite point of the globe varies
from zero to 180°. Expressed in words,
at the start the speed is infinite and dimin-
ishes, first rapidly and then slowly until a

quadrant is traversed when the current pro-
ceeds with the speed of light. From thai

region on the velocity gradually increases,

becoming infinite at the opposite point of

the globe. In a patent granted to me in

April, 1905, I have summed up this law of
propagation in the statement that the pro-
jections of all half waves on the axis of

symmetry of movement are equal, which
means that the successive half waves, the
of different length, cover exactly the same
area. In the near future many wonderful
results will be obtained by taking advantage
of this fact.

There is a vast difference between these
two forms of wive movement in their bear-
ing on the transmission. The Hertz waves
represent energy which is radiated and un-
recoverable. The current energy, on the
other hand, is preserved and can be re-

covered theoretically, at least, in its entirety.

If the experts will free themselves from the
illusions under which they are laboring,

they will find that to overcome static dis-

turbances all that is needed is a properly
constructed transmitter and receiver with-
out any additional devices or preventives.

I have, however, devised several forms of
apparatus eliminating statics even in the

present defective wireless installations in

which they are magnified many times.
Such a form of instrument which I have
used successfully is shown in the annexed
photograph. These phenomena have been
studied by me for a number of years and
I have found that there are nine or ten

different causes tending to intensify them,
and in due course. I shall give a full de-
scription of the various improvements 1

have made, in the Electrical Experi-
menter. For the present 1 would only point

out that in order to perfectly eliminate the
static interference, it is indispensable to
redesign the whole wireless apparatus as

now employed. The sooner this is under-
stood the better it will be for the further
evolution of the Art.

A means of making use of the electric

magnet under water has been devised in

Japan, and it promises to be of great assis-

tance in locating sunken vessels, to recover
which salvage operations on a big scale are
expected after the war.

With the aid of special oxygen masks air-

plane experts believe that air fighters will

be able to carry on battles five miles above
the earth.



January. 1919 ELECTRICAL EXPERIMENTER 663

ONE READER'S EXPERIENCE
WITH DR. ABRAMS'
THOUGHT TRANS-

FERENCE
THEORY.

As our reader's will recollect, we sug-

gested in the September issue in connection

with the article therein entitled "Popular

Demonstration of Thought Transference

and Other Phenomena," by Dr. Albert

Abrams, that they write us as to what suc-

cess they have attained in conducting any

of the experiments outlined by Dr. Abrams
in this little known realm of science, and

we are pleased to give herewith the views

of Mr. J. W. White of Brooklyn, N. Y.,

Mr. White having witnest a number of these

tests as conducted by Dr. Abrams himself,

when visiting San Francisco several years

ago. Furthermore, Mr. White, who is in

the electrical business in New York City,

and a thoroly wide-awake student of elec-

trical and allied matters, had the satisfac-

tion of taking part in some of the experi-

ments in Dr. Abrams' laboratory, and his

views as given below are those of an un-
prejudiced and unbiased student

Many people undoubtedly who have read

the article in question have tried, unsuccess-

fully perhaps, to obtain results by unipolar

currents, according to the theory of Dr.

Abrams, such as for instance where the

"percipient" or person interpreting the

thought transference signal or message is

connected to another person or body which
forms the exciting point in the unipolar

(single wire) circuit.

Here, for example, is what Mr. White
experienced, and in this connection it is

well to remember that the high professional

standing of Dr. Abrams in the medical and
scientific fields precludes all doubt of any
fake or misrepresented reactions or phe-
nomena, however little we may as yet know
as to the exact mode in which such phe-
nomena take place. First Dr. Abrams
placed Mr. White in a separate laboratory
room and gave him a permanent steel bar
magnet, which as we all know has a North
and South pole at the alternate ends. The
Doctor instructed Mr. White to present
either magnet pole as he might elect to the

steam radiator in the room, when he would
be able to tell in his instrument laboratory

just which end of the magnet he had pre-

sented. According to the theory of Dr.
Abrams, the action here was as follows

:

That the electronic discharge from the

magnet, even when held a short distance
from the radiator, charged the metal piping
system, and this particular discharge past

along thru the radiator and metal piping to

the laboratory where an instrument or a
human substitute for the instrument was
connected by one wire to another radiator
connected to the system. In this connection
it is interesting to note that Dr. Abrams
usually prefers to employ some delicate hu-
man reflex, such as the heart or stomach
reflex, for indicating when one of these ex-
tremely minute electric currents arise, and
which agents he claims are' many hundred
thousand times more sensitive to minute
currents than are the most delicate scien-

tific instruments such as galvanometers, etc.

To sum up this experiment. Dr. Abrams was
able to tell quickly just which magnet pole
Mr. White had presented to the radiator,
not making a single miss in twenty tests.

One of the most astounding phases of
this particular experiment was when the
Doctor informed Mr. White that it was not
at all necessary that he present the magnet
to the radiator, so as either to touch it or
approach close up to it, but that he could
determine which pole of the magnet the in-

vestigator was thinking of if he would but
lay it on the floor and concentrate his mind
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Learn Telegraphy-Wireless
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on one of the poles. This experiment was
checked up by a considerable number of
tests, and Dr. Abrams was able to tell the

pole concentrated on in Mr.- White's mind
each time.

One of the experiments which will inter-

est our readers very greatly, especially those
who read the article referred to in the

September issue, was that where Mr. White
became the "percipient." To show the ef-

fect of the electric currents in the body. Dr.
Abrams had a strong man placed in a sep-

arate laboratory, several rooms away from
where Mr. White was located, and both this

man and Mr. White were connected by a
single copper wire. A number of heavy
weights were placed in the room with the

strong man. The percipient—Mr. White

—

liad attached to one of his fingers a pulse

detector of these minute electronic currents,

as devised bj' Dr. Abrams, comprising a
small rubber tube strapt to the finger ; this

tube being connected by means of a rubber
tube with a small pneumatic chamber at-

tached to a pivoted arm, the free end of
which carried an electric contact for open-
ing and closing a signal circuit. The con-
tacts on this instrument were conected with
a battery and an electric signaling bell.

This pulse indicator was connected and
acted in the same way, upon the receipt of
each electronic wave or current, as the
straw pulse needle indicator described in the

article referred to.

This is what happened every time the
strong man lifted the weights in the distant

part of the laboratory buildings : An elec-

tronic current apparently shot along the
wire and acted to cause a heart reflex in

the percipient's (Mr. White's) body, which
manifested itself at the pulse, and in turn
this action repeated itself thru the rubber
tube attached to the finger, thus causing the

pneumatic diafram chamber to vibrate and
move the pivot arm attached to it, which in

turn caused the electric signal bell to ring
each time a weight was lifted by the
"agent."
Probably some of the most remarkable

tests which Mr. White personally saw per-
formed by Dr. Abrams were those where
he was enabled to differentiate between dif-

ferent disease germs, and in some cases
even the disease affecting a patient over a
telephone or other wire. For some of these
and other tests Dr. Abrams has devised a
very interesting instrument to take the place
of the stomach reflex, thus doing away with
ihe necessity of a "live" percipient. This
instrument comprises an aluminum cylinder
covered at one end with a tightly stretched
diafram of goldbeater's skin. The metallic
bell or rather shell of this instrument is

connected to the single unipolar terminal
used in this arrangement, instead of con-
necting the wire to a human percipient or
interpreter, and whenever an electronic cur-
rent was received over the wire, the tone of
the bell, as produced by striking the dia-
fram with a small hammer, is caused to be
either resonant or full, or else dull, accord-
ins: to the reaction taking place. Moreover,
disease germs such as tuberculosis, cancer,
and pneumonia have their own vibration
period or wave length, according to his
most remarkable work, "New Concepts in

Diagnosis and Treatment." He outlines
forms of wireless tuning aparatus compris-
ing condensers, tuning coils, etc., for the
purpose of measuring the exact wave length
or vibration index of these electronic cur-
rents as they are received over a telephone
or other wire and interpreted by the instru-
ment just described, or by recourse to a hu-
man percipient employing the stomach or
other reflex. The stomach reflex is one in

which the percussion sound given by the
stomach when struck with the fingers over
that portion of the body is dulled when an
electronic current is received.

You benefit by mentioning the "Electrical Experimenter" when writing to adverUters.
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were purchased from a hardware store.

These are glass drawer knobs and have a
brass shell into which the glass knob is

cemented ; also a screw is fitted into the
end. Five of these are needed. The switch
bla'de is cut from a piece of spring},- brass
or nickel. Cut two pieces three inches long
and taper down one end (see Fig. 5). The
other end must be made to fit the knob. A
hole is drilled into this end and the blade
is soldered to the brass cup; bend the con-
tact end as shown. Also cut two pieces one
and one-half inches long for the secondary
switches and fasten in the same way and
to the fifth knob solder the hand of a clock.

The switch points are common uphol-
sterer's nails with the brass tops and small
washers to fit the under side. After the

wire has been drawn thru a hole drilled

in the cabinet for it, it is twisted around
the nail and the loop thus formed pushed
far down into the hollow of the cup of
ihe nail. A small amount of flux and a

piece of solder about une-tjuarter the size

of a split pea is

placed into the cup
which is held hol-

low upward. A hot
iron is now touch-
ed to the nail, and
the solder will

melt flush and
make an excellent

connection. The
washer is now slipt

over the nail and
the nail driven in

place. The wash-
ers are not essen-
tial but make the
heads of the switch
point protrude
more. (Fig. 5.)

The method of
varying the coup-
ling is by a cable
and drum arrange-
ment. Rack and
pinion methods need accurate workmanship
for them to operate correctly, so this novel
home-made method was devised, .\fter the

clock hand has been soldered to No. 5 knob,
a twenty-four inch (circumference) wooden
wheel is fastened to the screw of this knob.
This wheel is locked in place and a
bearing is made to fit the other end of the
screw, so that there will be a fairly good
axle and bearings formed, one bearing being
the front panel. A bent piece of brass will

answer for the other end. A piece of
leather is fastened in such a way as to cause
friction against the wooden wheel. A piece
of cord is nailed to the wheel and wound
around the groove ; the cord passing over a
small pulley and secured to the screw-eye
on the upper end of the secondary (see
Fig. 4).

ASSEMBLY
Along the mid-line of the panel and four

and eight inches up from the bottom, re-
spectively, drill two holes to fit the screws
of the switches. Above each of these drill

two smaller holes for wires which will go
to antenna and ground. Draw the flexible

wires thru; solder to switch blade (Fig. S)
and put switch in place. Place a spring on
the under side of switch to keep it tight.

Describe an arc with each switch and using
about two-thirds of a complete circle for
the arrangement of switch points, divide
them equally into the area thus allowed.
Drill holes for the wires of the switch
points, solder to switch points as already
described and hammer into place. Then
seventeen inches from the bottom and two
inches from the mid-line each way, drill

holes for the switches of the secondary.
Mount the sixteen switch points in place
as per diagram for connections.

Put the top on the cabinet with the bolts
(eve-bolts) for slider rods and tighten the

rods ; finally put on back. The diagram of
the assembled coil is shown in Fig. 7.

There are many advantages of this type
cabinet, as it is both compact, inexpensive
and neat. It does not allow dust to settle

between the windings and prevents the
entrance of other foreign matter. One
complete turn of the coupling knob will

change the coupling completely. Accurate
tuning of the primary is worked out to a
very tine extent and the novel arrangement
of the secondary tuning will be seen to

have many merits, as any portion of the
coil may be us«d and the direction of cur-
rent may also be reversed. Often the
coupling will not have to be changed in

order to vary the secondary, as both
switches may be moved and so bring an-
other portion of the coil into play.

With a galena detector stand and using
a "radiocite" crystal, this outfit cannot be
beaten and other stations were brought in

that never were heard before. This may
have been due to the excellency of the

ffooA-up for Primary and secondary

\ Todst Apnones
\

•mary
Fig 6

'^econdorg

Hook-Up of Primary and Secondary Windings On Vertical Coupler.
Note That Secondary Switching Circuit Permits of Reversing tha

Polarity of the Circuit.

crystal, but the coil has something to do
with it, in my estimation.

SOLAR ENGINE USES SUN'S
ENERGY.

{Continued from page 607)

Messrs. Shuman, Boys, and Ackerman,
engineered and built a large solar energy
plant at Meadi on the Nile, Egypt. This
plant developed 100 h.p. The total area of
Funshine collected was 13,269 square feet.

The maximum pounds of steam generated
was 12 pounds per 100 square feet of sun-
shine, or the equivalent, to i8s square feet
per brake horsepower. The best hour's run
developed, at atmospheric pressure, 1,442
pounds of steam. Hence (allowing 22
pounds steam per brake horsepower) the
maximum output for an hour was 55.5
horsepower (about ten times better than
any previous results). This means 63 brake
horsepower per acre of land occupied by the
plant. Moreover, no marked reduction in
the horsepower produced was noticeable in
the early hours of the morning or in the
lale hours of the afternoon.
The temperature of the sun, as afore-

mentioned, has been calculated to be about
6,000 degrees centigrade. Several authori-
ties point out that this terrific heat there-
fore precludes any possibility of the sun
being a molten mass in the process of com-
bustion. It has been thought recently by
many to be a great mass of matter possess-
ing to a remarkable degree radio-activity
akin to radium. Helmholtz proposed that
the sun could keep on producing energy at
its present rate by accounting for same on
the basis of a slight annual shrinkage in its

size. From observations and measurements
i ou brnriii by mentioning Vif "Electrical Experimenter" when writing to advertisers.
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of this heavenly body made from year to

year it has been computed that the age of

the sun would, on the shrinkage basis, be
17,000,000 years.

The radiant energy received from the sim
at the outer surface of the earth's atmos-
phere is equivalent to 7.S00 horsepower per
acre. Of this about 70 per cent, or, roughly
speaking, 5,000 horsepower per acre, is

transmitted thru the atmosphere to the land
surface proper of the earth, at noon on a
clear day. Lesser amounts, of course, are
received in the early morning and late after-

noon, owing to the greater thickness thru
which the energy must pass.

Relative to the basis upon which solar

energy is calculated for the earth's surface,

this is generally made, it may be said, on
the "solar constant," as it is termed, ascer-

tained from 696 tests conducted by the

Smithsonian Institute of Washington, in

various parts of the world, which resulted

in accepting 1.93 calories per square centi-

meter per minute, equal to 7.12 British ther-

mal units per square foot per minute. This
is an average value, all things considered.

Only about three-fifths of the solar radia-

tion produce any impression on the earth,

and it is only the radiant energy which falls

on some material body that is converted
into heat. The best body for this conver-
sion having been ascertained to be a dead
black one.

"ODD PHOTO" CONTEST.

{Continued from page 616)

as to work the strings. Fourtlily, it was-
indoors on a cloudy day. I simply guest at

the time—about 25 seconds for each expo-
sure (double exposure) and let 'er go at

that. The streaks are the strings ; the
lenses were between the two strings. I did-
n't expect it to be any good at all. So if

you have any extra dollars flying around,
send one out to Iowa. Fred Wagner,

Burlington, Iowa.

NOVEL PHOTO OF CITY AND
LIGHTNING AT NIGHT.

The photo I submit is a picture of a city

at nii;ht, taken from a high mountain near-
by. The object of taking the picture was
to "snap" the lightning.

Rob't Sullivan, Canon City, Colo.

AT LAST—A PHOTO OF "BALL
LIGHTNING."

Speaking of "Odd Photos" or something
for the "bug" to worry about, I think I

have it here, in the form of two actual
photographs, either of which contain any
kind of lightning one would want, i.e.,

chain, ribbon or ball.

These photos were taken about six
months ago (Pardon the selfishness) on
the same night and about five minutes apart,
during a very damaging electrical disturb-
ance in this locality.

I may be wrong in my conception of the
impression on the right side of photo No. 1

(the upper left photo) being ball lightning,
but would suppose it to be such. This pic-
ture is an exposure of 30 seconds. There
was no artificial light of any kind in front
of the camera. This phenomenon was not
perceptible to the eye—or at least was not
observed.

If this be ball lightning we then know
that ball lightning is of an oscillating or
pulsating nature, as is evident from the
path taken by the ball. Pn^ssibly this is a

potential of one sign seeking its affinity or
opposite potential sign, in order that it may
neutralize. Following the path of the ball

it comes in at the base of the ribbon dis-

charge at the left, whence it travels straight

across, almost parallel to the wires in the
background, then it comes to rest in the
upper right hand corner. It now slowly
follows an irregular path with a few stops
and makes its exit into the heavens, no
doubt to join its patiently waiting other
half.

Photo No. 2 (lower center) is a 3 minute
exposure, during which time the camera
was moved once but very slightly, as you
see from the double print of the chimneys
in the background. In this picture will be
seen innumerable paths of the light ball

where it has traveled at various speeds.

L. E. Church, Bailesville, Okla.

EXPERIMENTS IN RADIO-
ACTIVITY.

{Continued from page 636)

radio-active study. It is thought unneces-
sary here to give further experiments in
this phase of the subject as they will sug-
gest themselves to the reader. It is an in-

tensely interesting subject and the reader
will derive both beneficial knowledge and
pleasure from his experiments. There are
many other properties of these substances
besides their ionizing power which will be
taken up in later articles.

{To be continued)

BUILDING A 3-INCH SPARK
STATIC MACHINE.

{Continued from page 633)

should reach the comb and thus prevent the
escape of the electricity before it reaches
the metal points.

An iron ring placed on the conductor
heightens its capacity. This consists of an
iron wire bent in a circle and then well
insulated with paper, which is later var-
nished with shellac.

If the handle of the machine is turned
towards the combs, electric sparks can be
drawn from the small ball attached to the
end of the brass wire holding the comb.

It is tinnecessary to explain the uses of
Leyden jars and other apparatus which can
be used in connection with this machine, as
any "Physics book," under the heading of
"Electricity," describes a number of them.

THE CITY OF SPLENDID NIGHT.

{Continued from page 623)

footed torch-bearers led the way. None of
them, proud souls, ever saw their doorways
in fullest beauty, the beauty that is electric,
that softens rude prominences while it

throws a lustrous, enchanting glow over
fine design and decoration.

The "City of Splendid Night" forever
calls me to fresh delights. I go the way of
a side street at the beckon of a light and,
anon, find myself before the stately pile of
a church, mirrored against the sky by the
guardian pillar of radiance that stands be-
fore it. Later I come upon a green park
bordered with electric jewels. Here I seat
myself and watch the trees play tag with
beams of electric brilliance.
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Tlh® Mew Wk(gS®§§
»lj T will come as a profound shock to all

5.^" wireless enthusiasts, scientific and amateur
alike, that their present-day notions on
wireless are totally erroneous and not based

upon actual facts. For years we clung to

the theory that a wireless message radiates

from the aerial wires of the sending station

and speeds over the surface of the earth thru the ether

towards the receiving station. We thought that we were
sending out pure Hertzian waves from our transmitters.

We thought that we received these waves over the aerial

wires of our receiving station. All of these theories are

wrong and will be relegated shortly into the past along

with the early notion that the earth stood still, while sun,

moon and stars revolved around it.

Remain only the physical facts that we did send and

did receive messages without wires—but they are not

sent by means of pure Hertz waves, nor do they go by

way of the ether as radiations.

In a highly illuminating article printed elsewhere in this

issue, Nikola Tesla e.xplodes all of our present orthodox

views as to wireless propagation and makes it clear that

the earth is the sole medium thru which our wireless

impulses travel, in the form of true conduction. Particu-

larlv does this hold true for long distance messages:

Here we are sending out a compound impulse three quar-

ters of which is a galvanic current, traveling thru the con-

diicting earth, the other quarter or less is in the form of

Hertz waves, going by way of the ether. This explains

why we can send signals to airplanes and vice versa ; but

even here we probably have to do not with pure Hertz

waves • it is almost certain that we have capacity-induc-

tive effects as well.

Tesla maintaining that there can be no long distance

effects by radiations transmitted thru the ether, but

rather only by currents thru the earth, it follows that in

his opinion all our radio apparatus is designed and

operated faultily. Indeed, this is not a brand new idea of

the famous inventor. He has been preaching it ever

since he took out his first patents and described his sys-

tem in 1893—long before Marconi thought of wireless

But he was preaching to a stone deaf scientific world.
But how simple it all becomes when we stop to apply a

little reason and logic to Tesla's claims. For instance,
we can send radio impulses three to five times as far
over salt water as over land. Why? Simply because
the impulses go thru the water, which is a much better
conductor than earth alone. If we were sending pure
Hertzian waves, why do we connect one wire at both
sending and receiving station to the ground? Hertz
never dreamt of such a thing. If you are still uncon-
vinced that the earth is the chief medium of transmission,
disconnect your ground wires entirely and tr\' to send
and receive. Now you may work with Hertz waves, but
the distances you can bridge will be pitifully small.
Already Tesla's logic is filtering into our radio scientists'

minds. All the big stations are beginning to scrap their
towers and aerial wires, at least for receiving. They
now bury their "aerial" wires in the ground, and lo ! they
can receive signals twice as far as before. Incredible,
l)ut it is being done every day. And—-wonders upon
wonders—how we will laugh at our present and past
blindness

—

the static interference is fractically gone the
minute we pull our aerial wires down and bury them

!

Static Electricity? There never was a reason for having
the bugaboo, for there is no "static" in the ground.
But Tesla goes much farther. In time he will show the

world wireless power transmission effected not by ether
waves but by currents thru the earth, which is a first rate

conductor. Like all big things, the problem is simple.

At some point on the globe he will erect a station power-
ful enough to charge the whole earth with electricity

—

and keep it charged. To do this we need about 10,000
kilowatts. Then at any point on the globe the current
can be tapt by means of suitable apparatus. Like a bell

ringing transformer, connected to your supply line, no
current is consumed unless you close the secondary cir-

cuit. Tesla's world wireless works just that way. No
current is consumed till it is tapt at the distant receiving

station.

H. Gernsback.
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Famous Scientific Illusions
By NIKOLA TESLA

IVritten spicially for the Electrical Experimenter

In this original and revolutionizing discussion, Nikola Tesla gives us something really new to think about. First—Does the moon
rotate on its axis? Second—Is the Franklin pointed lightning rod correct in theory and operation? Third—Do -wireless signals fly

thru space by means of so-called Hertzian waves in the ether, or are they propagated thru the earth at prodigious velocity by means
of earth-bound oscillations? World-famous conundrums these questions which have been answered in many ways by some of the
greatest scientists. Dr. Tesla explains these three predominant scientific fallacies in a masterly way, so that everyone can understand

them.

THE human brain, with all its won-
derful capabilities and power, is far
from being a faultless apparatus.
Most of its parts may be in perfect
working order, but some are

atrophied, undeveloped or missing alto-

gether. Great men of all classes and pro-

electric current according to a childishly

simple rule. The writer, who was known
to recite entire volumes by heart, has never
been able to retain in memory and re-

capitulate in their proper order the words
designating the colors of the rainbow, and
can only ascertain them after long and la-

reality. The greatest triumphs of man
were those in which his mind had to free

itself from the influence of delusive ap-
pearances. Such was the revelation of
Buddha that self is an illusion caused by
the persistence and continuity of mental
images : the discovery of Copernicus that.

It Is Well Known That the Moon, M., Always Turns the Same Face
Toward the Earth, E. as the Black Arrows Indicate. The Parallel
Rays From the Sun Illuminate the Moon in Its Successive Orbital
Positions as the Unshaded Semi-circles Indicate. Bearing This in

Mind, Do You Believe That the Moon Rotates on Its Own Axis?

Fig. 2.—Tesla's Conception of the Rotation of the Moon, M, Around
the Earth, E; the Moon, In This Demonstration Hypothesis, Being
Considered as Embedded in a Solid Mass, M,. If, As Commonly
Believed, the Moon Rotates, This Would Be Equally True For a
Portion of the Mass M«, and the Part Common to Both Bodies

Would Turn Simultaneously in "Opposite" Directions.

fessions—scientists, inventors, and hard-

headed financiers—have placed themselves

on record with impossible theories, inopera-

tive devices, and unrealizable schemes. It

is doubtful that there could be found a

single work of any one individual free of

error. There is no

borious thought, strange as it may seem.
Our organs of reception, too, are defi-

cient and deceptive. .-Xs a semblance of life

is produced by a rapid succession of inani-

mate pictures, so many of our perceptions
are but trickery of the senses, devoid of

such thing as an
infallible brain.
Invariably, some
cells or fibers are
wanting or unre-
sponsive, with the

result of impair-
ing judgment,
sense of propor-
tion, or some
other faculty. A
man of genius
eminently prac-
tical, whose name
is a household
word, has wasted
the best years of
his life in a vis-

ionary undertak-
ing, h celebrated
physicist was in-

capable of tracing
the direction of an

^[iii<iifniiiiiuti:im<ti:ij u iiiiuiiiiiiiiiuinuiiiiiiiuiiiiiiiiiiiiuiiiiiiiiiiiiiiiiiniiiiuiiiiiiiiiniiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiumfiiiiiiiiiiiiiiiiiiiiiiiiuiiiuiiiijiiiiiiiiiiiiiiiiimiiiii^

FOR over a century and a half the whole world, educated and otherwise, thought that the |

moon revolved around its axis. Nikola Tesla in the present highly instructive article dis- |

proves that theory and will convince scientists and all others alike that the moon does |

no such thing. |
For thousands of years it was thought that the sun and stars revolved around the earth and ^

all kinds of experimental proofs were furnished to substantiate this theory. The illustrious
|

Galileo thought different, and everyone today knows that the earth revolves around the sun. |
So it is with Tesla's discovery. Tesla also, in the second part of the present paper, shows

|
us that the ancient and time-worn theory advanced by Benjamin Franklin as to the lightning |
conductor is not substantially correct as viewed by latter day science. It will come as a shock |

even to our professors that the lightning rod actually aids the lightning in hitting the building.
|

The reason is that the lightning rod helps in ionizing (making conductive) the surrounding air.
|

Mr. Tesla has devised a lightning conductor with no points, and there is no doubt whatso-
|

ever that his theory is right. Scientists the world over will acknowledge this very shortly.
|

In a third section of the same paper Tesla explodes still another popular delusion, viz., that
|

wireless waves follow the curvature of the earth when messages are transmitted, let us say from f

a point in the LJnited States to a point in Europe. In his revolutionary arguments, supported by |
facts as well as by logic, Tesla shows why the currents do not travel around the earth but |
directly thru it. In other words. Testa maintains that wireless communication is accomplished |
ONLY thru the medium of the earth itself. His contention seems very sound. If it were not so, |
let every wireless station, commercial or otherwise, do away with its ground connection. None |
could then operate as is well known, except perhaps over very limited distances.

|
Mr. Tesla's present article will arouse world-wide comment due to the revolutionary

|
philosophy contained therein. We are sure our readers will appreciate Mr. Tesla's most timely

|
and illuminating article on this but little understood subject. |

ji.!:!a:aiyjMT;:ijHirmimiiiiNniiiiniiiniiiii!'niii;i«iiiiii!iminMiiiiiiimiiiinniiiiiiiiiiiiimiiiiimiiiiniiiiiiiiiiiin»iiiNmi^

Copyright, 1919, by E. P. Co. All rights reserved.

Contrary to all observation, this planet ro-

tates around the sun; the recognition of

Descartes that the human being is an
automaton, governed by external influ-

ence and the idea that the earth is spherical,

which led Columbus to the finding of this

continent. And
tho the minds of

individuals sup-
plement one an-
otlier and science

and experience are

continually elimi-

nating fallacies
and misconcep-
tions, much of our
present knowledge
is still incomplete
and unreliable. We
have sophisms in

mathematics which
cannot be dis-

proved. Even in

pure reasoning,
free of the short-
comings of sym-
bolic processes,
we are often ar-

rested by doubt
which the strong-
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est intelligences have been nnable to dispel.

Experimental science itself, most positive

of aH, is not nnfailing.

In the following 1 shall consider three

exceptionally interesting errors in the in-

terpretation and application of physical phe-

nomena which have for years dominated
the minds of experts and men of science.

I. The Illusion of the Axial Rota-
tion of the Moon.

It is well known since the discovery

of Galileo that the moon, in travelling

thru space, always turns the same face

towards the earth. This is explained

by stating that , while passing once
around its mother-planet the lunar

globe performs just one revolution on
its axis. The spinning motion of a

heavenly body must necessarily un-
dergo modifications in the course of

time, being either retarded by resist-

ances internal or external, or acceler-

ated owing to shrinkage and other
causes. An unalterable rotational ve-

locity thru all phases of planetary evo-
lution is manifestly impossible. What
wonder, then, that at this very instant

of its long existence our satellite

should revolve exactly so, and not

faster or slower. Birt many astrono-
mers have accepted as a physical fact

that such rotation takes place. It does
not, but only appears so; it is an il-

lusion, a most surprising one, too.

I will endeavor to make this clear

by reference to Fig. 1, in which E rep-

resents the earth and M the moon.
The movement thru space is such that

the arrow, firmly attached to the latter,

always occupies the position indicated
with reference to the earth. If one
imagines himself as looking down on
the orbital plane and follows the mo-
tion he will become convinced that the

moon does turn on its axis as it travels

around. But in this very act the ob-
server will have deceived himself. To
make the delusion complete let him
take a washer similarly marked and
supporting it rotatably in the center,

carry it around a stationary object,

constantly keeping the arrow pointing
towards the latter. Tho to his bodilv

vision the disk will revolve on its axis, such
movement does not exist. He can dispel

the illusion at once by holding the washer
fi.xedly while .uoing around. He will now
readily see that the supposed axial rotation

is only apparent, the impression being pro-
duced by successive changes of position in

space.

"ELECTROMAGNETIC
RADIATED HORIZON
CONDUCTOR. SLIQHTI
CONDUCTING EART^ "J ENERGY^UNIJlECOVERAeLE

HERTZ V^/AVES-r"
ALLY FROM VERTICAL , ,_,„,,_,
Y AFFECTED BY I VELOCITT

I SURFACE fSPEEPOF
V-
LIGHT

y=Vcosec90°=V

Fig. 9. THEORY.

But more convincing proofs can be given
that the moon does not, and cannot revolve
on its axis. With this object in view atten-

tion is called to Fig. 2, in which both the

satellite, .\I, and earth, E, are shown em-
bedded in a solid mass, Mi (indicated by
stippling) and supposed to rotate so as to

impart to the moon its normal translatory

velocity. Evidently, if the lunar globe

could rotate as commonly believed,

this would be equally true of any other

portion of mass Mi, as the sphere M-,

shown in dotted lines, and then the

part common to both bodies would
have to turn simultaneously in oppo-
site directions. This can be experi-

mentally illustrated in the manner sug-
gested by using instead of one, two
overlapping rotatable washers, as may
be conveniently represented by circles

M and M:, and carrying them around
a center as E, so that the plain and
dotted arrows are always pointing to-

wards the same center. No further
argument is needed to demonstrate that

the two gj-rations cannot co-exist or
even be pictured in the imagination
and reconciled in a purely abstract

sense.

The truth is, the so-called "axial ro-

tation" of the moon is a phenomenon
deceptive alike to the eye and mind
and devoid of physical meaning. It

has nothing in common with real mass
revolution characterized by effects

positive and unmistakable. Volumes
have been written on the subject and
many erroneous arguments advanced
in support of the notion. Thus, it is

reasoned, that if the planet did not
turn on its axis it would expose the

whole surface to terrestrial view; as

only one-half is visible, it must re-

volve. The first statement is true but

the logic of the second is defective, for

it admits of only one alternative. The
conclusion is not justified as the same
appearance can also be produced in

another way. The moon does rotate,

not on its own, but about an axis
passing thru the center of the earth,

the true and only one.
The unfailing test of the spinning of

a mass is, however, the existence of

"ANALOGY" "REALIZATION

G= PRESSURE
INDICATOR
GAOES

Analogy OF Tesla's Earth Wave Vibration Theory
EACH PULSE OF THE PUMP IS FELT WITH EQUAL

FORCE AT ALL POINTS OF THE SPHERE.

THE WIRELESS
LIOHT: PLACE
A WIRE IN THE
ground: THAT

IS ALL —

-

Tesla's
wireless
power for
pwjpeilino
ships and
aeropl/ines

Tesla's Wireless Transmission Theory,
THE OSCILLATING ENERGY SURGES THRU THE EARTH TO
EVERY POINT ON THE GLOBE. THUS ELECTRIC LIGHT. HEAT
AND DOWER CAN 6E DRAWN AT ANY POINT OF THE EARTH

FROM A UNIVERSAL CENTRAL STATION.

Tesla's World-Wide Wireless Transmission of Electrical Signals, As Well As Light and Power, Is Here Illustrated in Theory, Analogy and
Realization. Tesla's Experiments With 100 Foot Discharges At Potentials of Millions of Volts Have Denonstrated That the Hertz Waves
Are Infinitesimal In Effect and Unrecoverable; the Recoverable Ground Waves of Tesia Fly "Thru the Earth". Radio Engineers Are
Gradually Beginning to See the Light and That the Laws of Propagation Laid Down by TesIa Over a Quarter of a Century Ago Form the

Real and True Basis of All Wireless Transmission To-Day.

/
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enerey of motion. The moon is not possest tion of the latter immediately stiffens, being

of siJch lis viva. If it were the case then a at the same time deformed by gravitational

revolving body as'M, would contain me- pull. The shape becomes permanent upon

chanical energy other than that of which cooling and solidification and the smaller

f/g.S

Highly rarefied meiiium(insulofing).-

UtotfOTjfe/i/ rarefied conducf/r-
atmosphere abotv insulating
Strafum._

Dense fhin insulating
layer of air

Fig. 6

A Section of the Earth and Us Atmospheric Envelope Drawn to Scale. It Is Obvious That the
Hertzian Rays Cannot Traverse So Thin a Craci< Between Two Conducting Surfaces For Any
Considerable Distance. Without Being Absorbed^ Says Dr. Tesia, In Discussing the Ether

Space Wave Theory.

we have experimental evidence. Irrespec-

tive of this so exact a coincidence between
the axial and orbital periods is, in itself,

immensely improbable for this is not the

permanent condition towards which the

system is tending. Any axial rotation of a

rriass left to itself, retarded by forces ex-

ternal or internal, must cease. Even admit-
ting its perfect control by tides the coinci-

dence would still be miraculous. But when
we remember that most of the satellites

exhibit this peculiarity, the probability be-

comes infinitestimal.

Three theories have been advanced for

the origin of the moon. According to the

oldest suggested by the great German
philosopher Kant, and developed by La-
place in his monumental treatise "Me-
canique Celeste", the planets have been
thrown ofT from larger central masses by
centrifugal force. Nearly forty years ago
Prof. George H. Darwin in a masterful
essay on tidal friction furnished mathe-
matical proofs, deemed unrefutable, that

the moon had separated from the earth.

Recently this established theory has been
attacked by Prof. T. J. I. See in a remark-
able work on the "Evolution of the Stellar

Systems", in which he propounds the view
that centrifugal force was altogetlier inade-
quate to bring about the separation and
that all planets, including the moon, have
come from the depths of space and have
been captured. Still a third hypothesis of
unknown origin exists which has been ex-
amined and commented upon by Prof. W.
H. Pickering in "Popular .^stronomy of
l'X)7", and according to which the moon
was torn from the earth when the later

was partially solidified, this accounting for
the continents which might not have been
formed otherwise.
Undoubtedly planets and satellites have

originated in both ways and, in my opin-
ion, it is not difficult to ascertain the char-
acter of their birth. The following con-
clusions can be safely drawn

:

1. A heavenly body thrown off from a
larger one cannot rotate on its axis. The
mass, rendered fluid by the combined ac-
tion of heat and pressure, upon the reduc-

mass continues to move abuut the larger

one as tho it were rigidly connected to it

except for pendular swings or librations

due to varying orbital velocity. Such mo-
tion precludes the possibility of axial rota-

tion in the strictly physical sense. The
moon has never spun around as is

well demonstrated by the fact that the

most precise measurements have failed to

show any measurable flattening in form.
2. If a planetary body in its orbital move-

ment turns the same side towards the cen-

tral mass this is a positive proof that it has
been separated from the latter and is a true

satellite.

3. A planet revolving on its axis in its

passage around another cannot have been
thrown off from the same but must have
been captured.

II. The Fallacy of Franklin's Pointed
Lightning-Rod.

The display of atmospheric electricity has

since ages been one of the most marvelous
spectacles afforded to tlie sight of man. Its

grandeur and power filled him with fear

and superstition. For centuries he attrib-

uted lightning to agents god-like and su-

pernatural and its purpose in the scheme of

this universe remained unknown to him.

Now we have learned that the waters of

the ocean' arc raised by the sun and main-
tained in the atmosphere delicately sus-

pended, that they are wafted to distant re-

gions of the globe where electric forces

assert iheniselves in upsetting the sensitive

balance and causing precipitation, thus sus-

taining all organic life. There is every
reason to hope that man will soon be able

to control this life-giving flow of water
and thereby solve many pressing problems
of his existence.

Atmospheric electricity became of special

scientific interest in Franklin's time. Fara-
day had not yet announced his epochal dis-

coveries in magnetic induction but static

frictional machines were already generally

used in physical laboratories. Franklin's
powerful mind at once leaped to tlie con-
clusion that frictional and atmosplieric elec-

tricity were identical. To our present view
this inference appears obvious, but in his

. n:e ti.e mere thought of it was little short

of blasphemy. He investigated the phe-
nomena and argued that if they were of the

same nature then the clouds could be
drained of their charge exactly as the ball

of a static machine, and in 1749 he indi-

cated in a publisht memoir how this could

be done by the use of pointed metal rods.

(Continued on page 728)

MODE OF PROPAGATION OF THE
CURRENT FROM THE TRANSMITTER

,\\',i;//. THRU THE EARTH

''//'?'i?W5

MOON'S SHADOW JUST TOUCHING; SPfSEADSOVER THE EARTH'S SURFACE
WITH INFINITE SPEED

PlANE OF ECLIPTIC; SHADOW
.BaaS£5Li3y£R THE EARTH
WITH IT'S TRUE VELOCITY
THRU SPACE

MOON'S SHADOW LEAVING TH
EARTH AGAIN. REACHING INFI

SPEED

Fig. 8.—This Diagram.„ Illustrates How, During a Solar Eclipse, the Moon's Shadow
Passes Over the Earth With Changing Velocity, and Should Be Studied In Connec-
tion With Fig. 9. The Shadow Moves Downward With Infinite Velocity at First,

Then WitI- Its True Velocity Thru Space, and Finally With Infinite Velocity Again.
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By Nikola Tesla

MYFARLYLIFE
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THE progressive development of man is vitally dependent

on invention. It is the most important product of his

creative brain. Its ultimate purpose is the complete mas-

teo' of mind over the material world, the harnessing: of

the forces of nature to human needs. This is the difticult

task of the inventor who is often misunderstood and unrewarded.

But he finds ample compensation in the

pleasing exercises of his powers and in

the knowledge of being one of that e.x-

ceptionally privileged class without whom
the race would have long ago perished in

the bitter struggle against pitiless ele-

ments.

Speaking for myself, I have already

had more than my full measure of this

e.>cquisite enjoyment, so much that for

many years my life was little short of

continuous rapture. I am credited with

being one of the hardest workers and

perhaps I am. if thought is the equivalent

of labor, for I have devoted to it almost

all of my waking hours. But if work is

interpreted to be a definite performance in

a specified time according to a rigid rule,

then I may be the worst of idlers. Every

eflfort under compulsion demands a sacri-

fice of life-energy. I never paid such a

price. On the contrary, I have thrived on

my thoughts.

In attempting to give a connected and

faithful account of my activities in this

series of articles which will he presented

with the assistance of the Editors of the

El£C^^IC.^L Experime.vtf.r and are chiefly

addrest to our young men readers, I must
Nikola Tesla at the Age of 23.

From An Unpublished Photograph.

dwell, however reluctantly, on the impressions of my youth and
the circumstances and events which have been instrumental in

determining my career.

Our first endeavors are purely instinctive, promptings of an
imagination vivid and undisciplined. As we grow older reason
asserts itself and we become more and more systematic and

designing. But those early impulses, tho

not immediately productive, jre of the

greatest moment and may shape our very

destinies. Indeed, I feel now that had 1

understood and cultivated instead of sup-

pressing them, I would have added sub-

stantial value to my bequest to the world.

But not until I had attained manhood did

I realize that I was an inventor.

This was due to a number of causes.

In the first place I had a brother who
was gifted to an extraordinarj' degree

—

one of those rare phenomena of men-
tality which biological investigation has

failed to explain. His premature death

left my parents disconsolate. We owned
a horse which had been presented to us

by a dear friend. It was a magnificent

animal of Arabian breed, possest of al-

most human intelligence, and was cared

for and petted by the whole family, hav-

ing on one occasion saved my father's

life under remarkable circumstances. My
father had been called one winter night

to perform an urgent duty and while

crossing the mountains, infested by

wolves, the horse became frightened and

ran away, throwing him violently to the

ground. It arrived home bleeding and

Mr. Tesla at the Age of 29.

TJOli' does the n'orltVs greatest in-

_lj_ ventor invent? How does he
carry out an invention? What

sort oj mentality has Nikola Tesla?

Was his early life as commonplace as

most of ours? If hat tvas the early

training of one of the World's

Chosen? These, and many other very

interesting questions are answered in

an incomparable manner by Nikola

Tesla himself in this, his first article.

In his autobiography, treating main-

ly on his early youth, ue obtain a

good insight into the itonderjul life

this man has led. It reads like a

fairy tale, which has the advantage of

being true. For Tesla is no common
mortal. He has led a charmed life—
struck down by the pest, the cholera

and what not—given up by doctors at

least three times as dead—ive find him
at sixty, younger than ever. But—
read his own words. You have never
read the like before.

—Editor.

^^^^^^^^^^^^^^^^^^^^^^^^
Copyright. 1019. by E. P. Co. All rights reser; ed. Mr. Tesla at the Age of 39.
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exhausted, but after the alarm was sounded immediately dashed

off again, returning to the spot, and before the searching party

were far on the way they were met by my father, who had
recovered consciousness and remounted, not realizing that he had

been lying in the snow for several hours. This horse was respon-

sible for my brother's injuries from which he died. I witnest the

tragic scene and altho fifty-six years have elapsed since, my visual

impression of it has lost none of its force. The recollection of his

attainments made every effort of mine seem dull in comparison.

Anything I did that was creditable merely

caused my parents to feel their loss more

keenly. So I grew up with little confidence

in myself. But I was far from being con-

sidered a stupid boy, if I am to judge from

an incident of which I have still a strong

remembrance. One day the Aldermen were

passing thru a street where I was at play

with otlier boys. The oldest of these ven-

erable gentlemen—a wealthy citizen—paused

to give a silver piece to each of us. Com-
ing to me he suddenly stopt and com-

manded, "Look in my eyes." I met his

gaze, my hand outstretched to receive the

much valued coin, when, to my dismay, he

said, "No, not much, you can get nothing

from me, you are too smart." They used

to tell a funny story about me. I had two
old aunts with wrinkled faces, one of them

having two teeth protruding like the tusks

of an elephant which she buried in my
cheek every time she kist me. Nothing

would scare me more than the prospect of

being hugged by these as affectionate as

unattractive relatives. It happened that

while being carried in my mother's arms
they asked me who was the prettier of the

two. After e.xamining their faces intently,

I answered thoughtfully, pointing to one

of them, "This here is not as ugly as the

other."

Then again, I was intended from my very

birth for the clerical profession and this

thought constantly opprest me. I longed

to be an engineer but my father was inflex-

ible. He was the son of an officer who
served in the army of the Great Napoleon
and, in common with his brother, professor

of mathematics in a prominent institution,

had received a military education but, sin-

gularly enough, later embraced the clergy

in which vocation he achieved eminence.

He was a very erudite man, a veritable

natural philosopher, poet and writer and
his sermons were said to be as eloquent as

those of Abraham a Sancta-Clara. He had
a prodigious memory and frequently recited

at length from works in several languages.

He often remarked playfully that if some
of the classics were lost he could restore

them. His style of writing was much ad-
mired. He penned sentences short and
terse and was full of wit and satire. The
humorous remarks he made were always
peculiar and characteristic. Just to illus-

trate, I may mention one or two instances.

Among the help there was a cross-eyed man
called Mane, employed to do work around the farm. He was
chopping wood one day. As he swung the axe my father, who
stood nearby and felt very uncomfortable, cautioned him, "For
God's sake. Mane, do not strike at what you are looking but at
what you intend to hit." On another occasion he was taking out
for a drive a friend who carelessly permitted his costly fur coat
to rub on the carriage wheel. My father reminded him of it

saying, "Pull in your coat, you are ruining my tire." He had the
odd habit of talking to himself and would often carry on an ani-

NIKOLA TESLA
THE MAN

'By H- Gernshack

THE door opens and out steps a tall fig-

ure—over s.x feet high—gaunt but erect.
It approaches slowly, stately. You be-

come conscious at once that you are face to
face with a personality of a high order.
N.kola Tesla advances and shakes your
hand with a powerful grip, surprising lor
a man over sixty. A winning smile from
piercing light blue-gray eyes, set in extraor-
dinarily deep sockets, fascinates you and
makes you feel at once at home.
You are guided into an office immaculate

in its orderliness. Not a speck of dust is to
be seen. No papers litter the desk, every-
thing just so. It reflects the man himself,
immaculate in attire, orderly and precise in
his every movement. Drest in a dark frock
coat, he is entirely devoid of all jewelry.
No ring, stickpin, or even watch-chain can
be seen.

Tesla speaks—a very high almost falsetto
voice. He speaks quickly and very convinc-
ingly. It is the man's voice chiefly which
fascinates you.
As he speaks you find it difficult to take

your eyes off his own. Only when he speaks
to others do you have a chance to study his
head, predominant of which is a very high
forehead with a bulge between the eyes

—

the neverfailing sign of an exceptional in-
telligence. Then the long, well-shaped nose,
proclaiming the scientist.
How does this man, who has accomplished

such a tremendous work, keep young and
manage to surprise the world with more and
more new inventions as he grows older?
How does this youth of sixty, who is a pro-
fessor of mathematics, a great mechanical
and electrical engineer and the greatest in-
ventor of all times, keep his physical as well
as remarkable mental freshness?
To begin with, Tesla, who is by birth a

Serbian, comes from a long-lived hardy race.
His family tree abounds with centenarians.
Accordingly, Tesla—barring accidents—fully
expects to be still inventing in A. D. 1960.
But the chief reason for his perpetual

youth is found in his gastronomical frugal-
ity. Tesla has learned the great fundamen-
tal truth that most people not only eat all
of their bodily ills, but actually eat them-
selves to death by either eating too much or
else by food that does not agree with them.
W^hen Tesla found out that tobacco and

black coffee interfered with his physical well-
being, he quit both. This is the simple daily
menu of the great inventor:

Breakfast: One to two pints of warm
milk and a few eggs, prepared by himself

—

yes, he is a^bachelor!
Lunch: None whatsoever, as a rule.
Dinner; Celeiy or the like, soup, a single

piece of meat or fowl, potatoes and one
other vegetable: a glass of light wine. For
dessert, perhaps a slice of cheese, and inva-
riably a big raw apple. And that's all.

Tesla is very fussy and particular about
his food: he eats very little, but what he
does eat must be of the very best. And he
knows, for outside of being a great inventor
in science he is an accomplished cook who
has invented all sorts of savory dishes.
His only vice is his generosity. The man

who, by the ignorant onlooker has often
been called an idle dreamer, has made over
a million dollars out of his inventions—and
spent them as quickly on new ones. But
Tesla is an idealist of the highest order and
to such men money itself means but little.

mated conversation and indulge in heated argument, changing the

tone of his voice. A casual listener might have sworn that sevcnil

people were in the room.

Altho I must trace to my mother's influence whatever in-

ventiveness I possess, the training he gave me must have been
helpful. It comprised all sorts of exercises—as, guessing one
another's thoughts, discovering the defects of some form or ex-
pression, repeating long sentences or performing mental calcula-

tions. These daily lessons were intended to strengthen memory
and reason and especially to develop the

critical sense, and were undoubtedly very
beneficial.

My mother descended from one of the

oldest families in the country and a line of

inventors. Both her father and grandfather
originated numerous implements for house-
hold, agricultural and other uses. She was
a truly great woman, of rare skill, courage
and fortitude, who had braved the storms
of life and past thru many a trying experi-

ence. When she was sixteen a virulent

pestilence swept the country. Her father

was called away to administer the last sacra-

ments to the dying and during his absence

she went alone to the assistance of a neigh-

boring family who were stricken by the

dread disease. All of the members, five in

number, succumbed in rapid succession.

She bathed, clothed and laid out the bodies,

decorating them with flowers according to

the custom of the country and when her
father returned he found everything ready

for a Christian burial. My mother was
an inventor of the first order and would,

I believe, have achieved great things had
she not been so remote from modern life

and its multifold opportunities. She in-

vented and constructed all kinds of tools

and devices and wove the finest designs

from thread which was spun by her. She
even planted the seeds, raised the plants

and separated the fibers herself. She
worked indefatigably, from break of day
till late at night, and most of the wearing

apparel and furnishings of the home was
the product of her hands. When she was
past si-xty, her fingers were still nimble

enough to tie three knots in an eyelash.

There was another and still more im-

portant reason for my late awakening. In

my boyhood I suffered from a peculiar

affliction due to the appearance of images,

often accompanied by strong flashes of

light, which marred the sight of real ob-

jects and interfered with my thought and

action. They were pictures of things and
scenes which I had really seen, never of

those I imagined. When a word was
spoken to me the image of the object it

designated would present itself vividly to

my vision and sometimes I was quite un-

able to distinguish whether what I saw
was tangible or not. This caused me great

discomfort and anxiety. None of the stu-

dents of psychology or physiology whom I

have consulted could ever explain satis-

factorily these phenomena. They seem to have been unique altho

I was probably predisposed as I know that my brother experienced

a similar trouble. The theory I have formulated is that the

images were the result of a reflex action from the brain on the

retina under great excitation. They certainly were not hallucina-

tions such as are produced in diseased and anguished minds, for

in other respects I was normal ?nd composed. To give an idea

of my distress, suppose that I had witnest a funeral or some such

(Continued on page 743)
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BE A BOY CHEMIST
Test water, food* and other thinys you use and

wear. Make soap. Irik. dye; flre-rroof cloth and
wood, and work hundreds of useful, fascinating
experlmeots Just like a re&l chemLsL Perform
weird, puxzllng tricks of chemical magic. You
can. with "CHEMCBAPT". Outfits contain all
chemicals and laboratorr supplies to work each ex-
periment many times: also a Manual of Instruc-
tion. '-CHEMCBAFT" Is absolutely harmless

;

made br a practical chemist and Is sclectiflcally
CorrecL

Cheraeraft No. I—$1.50
West of MlssUairrl River and In Canada—$2.00

Chemcraft No. 2—$3.00
West of Mlssissiin'l River and tn Canada—$3.50

Chemcraft No. 3—$5.00
West of Mississippi Birer and in Canada—$6.00
Be sure you get "CHEMCRAFT," the original

an J most complete and sclentiflo chemical outfit.
Ask for It by name at your Toy Store, or send
::.f? and we will deliver direct prepaid.

THE PORTER
Industrial BIdg.,

Ha^erstown

CHEMICAL CO.
W. Washington St.

Maryland

Build and Fly
Your Own

TrainingPlane
Train youraelf lu Afiauou.

Be an Amateur Arlator with an
Aeroplane of your own. Learn
how Aeroplane* are built; leam
the principles of construction,
operation and control. We sell

IDEAL Accurate Scale Draw-
ingi, and Building and Flying
Instructions which show you
how to build a perfect Model
Aeroplane, 3 ft. size, that
will rise from the ground by
Ita own power and fly like a
big one. S«id now for the
Drawings and Instructions for
the one you want to build.
Drawings and Instructions for

Cuniss Military Tractor
Bleriot Monoplane
NIeuport Monoplane
Taube Monoplane
Curtiss Flying Boat ^,'v, Ii

Wright Biplane fl!- n

Cecil Peoti Racer [Kj^tiuuj

'

Ideal Model Aeroplane Catalog be—None Free
TeUr aboat Model Aeroplanes, Racing Aeroplanes.

FlylDC Toys, and parts and supplies to build them
with. 48 pages. Sent only ui'Oii rt^eipt of 5 cents.

IDEAL AEROPLANE & SUPPLY COMPANY
76-82 West Broadway New York City

°25c
EACH

The Electric Safety razor makes shaving a
pleasure. Blade vibrating 7,200 times a minute
cuts the beard smoothly and without slightest
pull or irritation—feels like a gentle message.
Can be used with or without electric current.

tftsefsMifc* Lek-Tro-Shav sMiiiweOofit

A barber says

—

"Havo shared for years and have
never used any sharing derlce near Its etiual.

"

A home u.ier savs—"The most pleasing shave I've
erer had In my life. Shaves my face closer than I

used to shave, but there Is no after irritation or ill

effects as I usually get from another razor."
No. I Made for use from Light Socket.
No. 2 Made for use from Dry Battery.

Write for llla<»traiftd circular describiiig Lek-Tro-
Bhav Safety Bazor fully.

VIBRATING ELECTRIC RAZOR CO.
Dept. 122. Omaha, Ncbr.

Famous Scientific Illusions

Printing Cheap
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for otherR, big profit. All eauv. rules ttent.
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{Continued from page 694)

The earliest trials were made by Dali-
brand in France, but Franklin himself was
the first to obtain a spark by using a kite, in

June, 1752. When these atmospheric dis-

charges manifest themselves today in our
wireless station we feel annoyed and wish
that they would stop, but to the man who
discovered them they brought tears of joj'.

latter has the property of quickly dissipat-

ing the accumulated char.cte into the air.

To examine this action in the light of pres-
ent knowledge we may liken electric poten-
tial to temperature. Imagine that sphere j

is heated to T degrees and that the pin or
metal bar is a perfect conductor of heat so
that its extreme end is at the same tem-

//y.7

The Theory Has Bean Seriously Advanced and Taught that the Radio Ether Wave
Osciiiatlons Pass Around the Earth by Successive Reflections, as Here Shown. The
Efficiency of Such a Reflector Cannot he more than 25 Per Cent: the Amount of
Energy Recoverable in a 12,000-mile Transmission being but One Hundred and Fif-

teen Billionth Part of One Watt, with 1,000 Kilowatts at the Transmitter.

The lightning conductor in its classical

form was invented by Benjamin Franklin

in 1755 and immediately upon its adoption

proved a success to a degree. As usual,

however, its virtues were often exagger-

ated. So, for instance, it was seriously

claimed that in the city of Piatermaritz-

burg (capital of Natal, South Africa) no
lightning strokes occurred after the pointed

rods were installed, altho the storms were
as frequent as before. Experience has
shown that just the opposite is true. _A
modern city like New York, presenting in-

numerable sharp points and projections in

good contact with the earth, is struck much
more often than equivalent area of land.

Statistical records, carefully compiled and
publisht from time to time, demonstrate
that the danger from lightning to property

and life has been reduced to a small per-

centage by Franklin's invention, but the

damage by fire amounts, nevertheless, to

several million dollars annually. It is as-

tonishing that this device, which has been

in universal use for more than one century

and a half, should be found to involve a

gross fallacy in design and construction

which impairs its usefulness and may even
render its employment hazardous under cer-

tain conditions.

For explanation of this curious fact I

may first refer to Fig. 3, in which .s is a

metallic sphere of radius r, such as the ca-

pacity terminal of a static machine, pro-

vided with a sharply pointed pin of length

/i. as indicated. It is well known that the

perature T. Then if another sphere of
larger radius, v\, is drawn about the first

and the temperature along this boundary is

7"i, it is evident that there will be between
the end of the bar and its surrounding a
difference of temperature T — Ti, which
will determine the outflow of heat. Obvi-
ously, if the adjacent medium was not af-
fected by the hot sphere this temperature
difference would be greater and more heat
would be given off. Exactly so in the elec-
tric system. Let q be the quantity of the
charge, then the sphere—and owing to its

great conductivity also the pin—will be at

q
the potential — . The medium around the

r

point of the pin will be at the potential

q q
and, consequently, the differ-

r-l-h

q q qh
ence

. Suppose now
r r-fh r(r-l-h)

that a sphere 5" of much larger radius
R = nr is employed containing a charge Q
this difference of potential will be, analog-

Qh
ously

. Accordmg to elementary
.R(R+h) •*

prmciples of electro-statics the potentials
of the two spheres j and 5" will be equal if

Qh
Q = nq in which case =;

RCR-fh)
{Continued on page 730)

You benefit by mentioning the "Electrical Experimenter" -when writing to advertistrs.
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Mesco Telegraph

Practice Set
For Learning Telegraph Codes

The Practice Set comprlaes a regular tele-

graph key, without circuit breaker, a special

bigb pitch buzzer, one cell Red Seal Dry
Battery, and four feet of green silk covered
flexible cord.

The key and buzzer are mounted on a
highly finished wood base, and three nickel

plated binding posts are so connected that the

set may be used for five different purposes.

List No. Price
342 Telegraph Practice Set, with Bat-

tery and Cord $3.24

Weighs 4 lbs. packed.
Price does not include postage.

C«iBbciuH«i Placlicc Set for levnin; Ibc Motm
j>d C«aliK0lil Vtsut ud Audible CadesMESCO

ThU oatflt Is the only reliable Instrument which
win enable Btudent* to become proaclent operator*

In tbe U. 8. Ntral Serrloe. beciose It U ©Quipped
with a tnuzer and miniature lamp enabling the

Qser to maater both tbe rlsual and audible eUcnala
quickly.
Lilt No. 52—PracUce Set with Red Seal Bat-

tery and Cord $4.05
Waloha4 Iba. Melted. Price doe* not inotude poetaga.

Send for the New Edition of

Our Catalog W28
It li aoeket size. conUlne 248 page*, with ovar

1.000 iMuttratlont. and detcrlbei In plain, clear

language all about Belli. Puth Buttoni. Bitlerlea.

Telephone and Tel»ffrapn Material. Electric Toy*.
Burglar and Fire Alarm Contrivances. Electrlo Call
Belli. Electric Alarm Clocks. Medical Batteries.

Motor Boit Horns, Electrically Heated Apparatus.
Battery Connector*. SwttcSei, Battery Gausee,
Wlreleea Telegraph Instruments, Ignition Supplies,

eu.

Send for the Catalog Now

Manhattan Electrical

Supply Com Inc.
NEW YORK: CHICAGO: ST. LOUIS:
17 Park Place 114 8, WeUa St. 1108 Pine St.

San Franeltco Offloe: 604 Mltslon St.

MECHANICALLY RIGHT—A REAL LATHE
A Regular lathe, not a toy

Swlnir 4 Inches, 11 Inches between cen-
ters. 17 Inches total letiRth. Net weight
9 lbs. eOilpplng weight 13 Ibe.

The bed of this lathe la machined.
Workmanship is tint class througnout.
Lathe comes cquipp<:d with wood turn-
ing chuck. Lathe can be fitted with 3

inch face plate and drill chuck as special eaulpment.
Order one today. Price S5.D0 cash with order.

SYPHER MFG. CO., Dept. C, TOLEDO, OHIO

Feldman's "Geyser"
Electric Water Heater

Irutantaneout Hot Water

FELDMAN MFG. CO.
1500 Times Bldg. New York City

HAVE You SENT
for our booklet No. 4, glvinK diagrams and erpcri-

ments with the Steco Button ?

STECO. 2134 N. Clark St.. Chicago, III.

FAMOUS SCIENTIFIC ILLUSIONS.
{Continued from page 728)

nqh qh
=: . . Thus the dif-

nr(nr + h) r(nr + h)

ference of potential between the point of

the pin and the medium around the same

Fig. 4, Tesia Explains the Fallacy of the
Frant<lln Pointed Lightning Rod, Here Illus-

trated, and Shows that Usually Such a Rod
Could Not Draw Off the Electricity in a Sin-
gle Cloud In Many Years. The Density of the
Dots Indicates the Intensity of the Charges.

will be smaller in the ratio

r + h
when

nr +h
the large sphere is used. In many scientific

tests and experiments this important ob-

servation has been disregarded with the

result of causing serious errors. Its sig-

nificance is that the behavior of the

pointed rod entirely depends on the linear

dimensions of the electrified body. Its

quality to give off the charge may be en-

tirely lost if the latter is ver>' large. For
this reason, all points or projections on the

surface of a conductor of such vast dimen-
sions as the earth would be quite ineffective

were it not for other influences. These
will be elucidated with reference to Fig. 4,

in which our artist of the Impressionist

school has emphasized Franklin's notion

that his rod was drawing electricity from
the clouds. If the earth were not sur-

rounded by an atmosphere which is gener-
ally oppositely charged it would behave,
despite all its irregularities of surface, like

a polished sphere. But owing to the elec-

trified masses of air and cloud the distribu-

tion is greatly modified. Thus in Fig. 4,

the positive charge of the cloud induces in

the earth an equivalent opposite charge, the
density at the surface of the latter dimin-
ishing with the cube of the distance from
the static center of the cloud. A brush
discharge is then formed at the point of the
rod and the action Franklin anticipated

takes place. In addition, the surrounding
air is ionized and rendered conducting and,
eventually, a bolt may hit the building or
some other object in the vicinity. The vir-

tue of the pointed end to dissipate the

charge, which was uppermost in Franklin's
mind is, however, infinitesimal. Careful
measurements show that it would take
many years before the electricity stored in

a single cloud of moderate sice would be
dra-um off or neutralized thru such a light-

ning conductor. The grounded rod has the
quality of rendering harmless most of the

strokes it receives, tho occasionally the
charge is diverted with damaging results.

But, what is very important to note, it

invites danger and hazard on account of
the fallacy involved in its design. The
sharp point which was thought advantage-
ous and indispensable to its operation, is

really a defect detracting considerably from
the practical value of the device. I have
produced a much improved form of light-

ning protector characterized by the employ-
ment of a terminal of considerable area and
large radius of curvature which makes im-
possible undue density of the charge and
ionization of the air.* These protectors

act as quasi-repcllents and so far have
never been struck tho exposed a long time.

Their safety is experimentally demon-
strated to greatly exceed that invented by
Franklin. By their use property worth
millions of dollars which is now annually
lost, can be saved.

III. The Singular Misconception of the
Wireless.

To the popular mind this sensational ad-

vance conveys the impression of a single

invention but in reality it is an art, the suc-

cessful practise of which involves the em-
ployment of a great many discoveries and
improvements. I viewed it as such when I

undertook to solve wireless problems and
it is due to this fact that my insight into its

underlying principles was clear from their

very inception.

In the course of development of my in-

duction motors it became desirable to op-
erate them at high speeds and for this pur-
pose I constructed alternators of relatively

•Reftr to the October, 1918, issue of this jour-
nal wherein Dr. Testa's new form of non-pointed
lightning rod was fully described and illustrated.

(Conlinurd on page 732)

Diagram Used to Explain the Fallacy of the Franklin Pointed Lightning Rod, and an
Analogy Whereby the Author Shows In a Clear Manner How the Charged Sphere May
for Illustration be Considered as Heated to a High Degree, and the Heat Allowed to

Escape at a Known Rate
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i^^n'rirof NIKOLA TESLAil!!
M • We have prepared a genuine,

^ handsome photograph, auto-

(^ graphed in facsimile by the great

^ inventor. This photograph, taken^ in December, 1918, was posed

^ especially for the cover design ^^ of the JFebruary, 1919, issue of ^
Uk the "Electrical Experimenter". It Uk
jn shows Tesla as he is today, hold- JR! ing his famous wireless-lighted ja
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FAMOUS SCIENTIFIC ILLUSIONS
(^Coni'mucd from page 730)

high frequencies. The striking behavior of
the currents soon captivated my attention

and in 1889 I started a systematic investi-

gation of their properties and the possibili-

ties of practical application. The first

gratifying result of my efiforts in this direc-

tion was the transmission of electrical

energj' thru one zvirc without return, of
which I gave demonstrations in my lectures

and addresses before several scientific

bodies here and abroad in 1891 and 1892.

During that period, while working with my
oscillation transformers and dynamos of
frequencies up to 200,000 cycles per second,

the idea graduallj" took hold of me that the

earth might be used in place of the wire,

thus dispensing with artificial conductors
altogether. The immensity of the globe

seemed an unsurmountable obstacle but

after a prolonged study of the subject I

became satisfied that the undertaking was
rational, and in my lectures before the

Franklin Institute and National Electric

Light Association early in 1893 I gave tlie

outline of the system 1 had conceived. In

the latter part of that year, at the Chicago
World's Fair, I had the good fortune of
meeting Prof. Helmholtz to whom I ex-
plained my plan, illustrating it with experi-

ments. On that occasion I asked the cele-

Wireless Stations Will Shortly Re-open
Date, only, uncertain

Heed Our Advice ORDER NOW
A3 a matter of law Congress loses all control over wireless receiving stations

and transmitting stations with a range within the borders of the state where
located as soon as peace Is declared. The Radio Inspector of this district has
already asked our co-operaUon In printing In the next edition of our catalog the

necessity of securing licenses for transmitting sets with a range beyond the

borders of the stale. No wireless manufacturer wants the stations to open to-

morrow. They could not take care of the business. Order now and be prepared.

We tiare a big stock of wireless instruments.

No. 11 is our latest catalog. No new price list

Please do not write for catalog If you have No. 11. Paper costs three times as much as formerly.

Let the amateur without a catalog secure one. Write for prices In advance. Just now we have no
price llat, because the changes have been so frequent. Will advise through this magazine when re-

vised price list Is ready, which will be as quickly as possible.

C__J 0-. In coin or stamps today for oui bU 300 page No. 11 Electrical and Wlreleaa Catalog. Any
OCnu OC wireless amateur wlU teU you it is the one catalog to have. You Deed do others. Oiix catalog

eonraina moat eTerrtiLiDg Id wireless worth wliile, aod is a guarantee that the gooda are depeDdable.

THE WILLL\M B. DUCK CO., 230-232 Superior St, Toledo, Ohio

" THERE'S MONEYIN IT"

S^ILEARN TELE6RAPHY-H§Sp5-HOHE
^^IT^MORSE AND WIRELESS- ni..:

TEAOM YOURSEUH
In half the ustial time, at trifling cost, with the
wonderful Automatic Transmitter. THE OMNIGRAPHi
Sends unlimited Morse or Continental mf&sages, at
any speed, just as an expert operator would.

AdODttd by U. S. Gov't. 4 MylM. Calalogn* frMi

OMNIGRAPH MFG. CO.
39L Cortlandt St. New York

MAGNETIC
RECTIFIER

i'»i^tiii-.i

Apr.l IS. 11119

The F-F Battery Booster
For Home Charging of Storage Batteries

.\UTOMOBILE OWNERS: Eliminate your start-

ing and lighting troubles by the use of an F-F
BATTERY BOOSTER in your own garage, with-

out breaking any electrical connections or remov-

ing battery from car. Keeps your battery

100% ef&cient and prolongs its life indefinite-

ly at a cost of about six cents a month.
Write for bulletin No. 12 today.

The French ManufacturingCompany
Cleveland, Ohio U. S. A.
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brated physicist for an expression of opin-
ion on the feasibility of the scheme. He
stated unhesitatingly that it was practicable,

provided I could perfect apparatus capable
of putting it into effect but this, he antici-

pated, would be e.xtremely difficult to ac-
complish.

I resumed the work very much encour-
aged and from that date to 1896 advanced
slowly but steadily, making a number of
improvements the chief of which was my
system of concatenated tuned circuits and
method of regulation, now universally
adopted. In the summer of 1897 Lord
Kelvin happened to pass thru New York
and honored me by a visit to my laboratory
where I entertained him with demonstra-
tions in support of my wireless theory. He
was fairly carried away with what he saw
but, nevertheless, condemned tny project in

emphatic terms, qualifying it as something
impossible, "an illusion and a snare." I

had expected his approval and was pained
and surprised. But the next day he re-

turned and gave me a better opportunity
for explanation of the advances I had made
and of the true principles underlying the
system I had evolved. Suddenly he re-

marked with evident astonishment: "Then
you are not making use of Hertz waves?"
"Certainly not," I replied, "these are radia-
tions. No energy could be economically
transmitted to a distance by any such
agency. In my system the process is one
of true conduction which, theoretically, can
be effected at the greatest distance without
appreciable loss." I can never forget the
magic change that came over the illustrious

philosopher the moment he freed himself
from that erroneous impression. The skep-
tic who would not believe was suddenly
trarisformed into the warmest of support-
ers. He parted from me not only thoroly
convinced of the scientific soundness of the
idea but strongly e.xprest his confidence in

its success. In my exposition to him I re-
sorted to the following mechanical ana-
logues of my own ancl the Hertz wave
system.

Imagine the earth to be a bag of rubber
filled with water, a small quantity of which
is periodically forced in and out of the
same by means of a reciprocating pump, as
illustrated. If the strokes of the latter are
effected in intervals of more than one hour
and forty-eight minutes, sufficient for the
transmission of the impulse thru the whole
mass, the entire bag will expand and con-
tract and corresponding movements will be
imparted to pressure gauges or movable
pistons with the same intensity, irrespective
of distance. By working the pump faster,

shorter waves will be produced which, on
reaching the opposite end of the bag, may
be reflected and give rise to stationary
nodes and loops, but in any case, the fluid

being incompressible, its inclosure perfectly
elastic, and the frequency of oscillations
not very high, the energy will be economic-
ally transmitted and very little power con-
sumed so long as no work is done in the
receivers. This is a crude but correct rep-
resentation of my wireless system in which,
however, I resort to various refinements.
Thus, for instance, the pump is made part
of a resonant system of great inertia,
enormously magnifying the force of the
imprest impulses. The receiving devices
are similarly conditioned and in this man-
ner the amount of energy collected in them
vastly increased.

The Hertz wave system is in many re-
spects the very opposite of this. To ex-
plain it by analogy, the piston of the pump
is assumed to vibrate to and fro at a ter-
rific rate and the orifice thru which the
fluid passes in and out of the cylinder is

reduced to a small hole. There is scarcely
any movement of the fluid and almost the
whole work performed results in the pro-
duction of radiant heat, of which an in-
finitesimal part is recovered in a remote
locality. However incredible, it is true that

Yoit benefit by mentioning the "Electrical Experimenter" when writing to advertisers.



February, 1919

the minds of some of the ablest experts

have been from the beginning, and still

are, obsest by this monstrous idea, and so

it comes that the true wireless art, to which
I laid the foundation in 1893, has been re-

tarded in its development for twenty years.

This is the reason why the "statics" have
proved unconquerable, why the wireless

shares are of little value and why the Gov-
ernment has been compelled to interfere.

We are living on a planet of well-nigh in-

conceivable dimensions, surrounded by a

layer of insulating air above which is a

rarefied and conducting atmosphere (Fig.

5). This is providential, for if all the air

were conducting the transmission of elec-

trical energy thru the natural media would
be impossible. My early esperiments have
shown that currents of high frequency and
great tension readily pass thru an atmos-
phere but moderately rarefied, so that the

insulating stratum is reduced to a srnall

thickness as will be evident by inspection

of Fig. 6, in which a part of the earth and
its gaseous envelope is shown to scale. If

the radius of the sphere is IZyi", then the

non-conducting layer is only 1/64" thick

and it will be obvious that the Hertzian

rays cannot traverse so thin a crack be-

tween two conducting surfaces for any
considerable distance, without being ab-

sorbed. The theory has been seriously ad-

vanced that these radiations pass around
the globe by successive reflections, but to

show the absurdity of this suggestion refer-

ence is made to Fig. 7 in which this process

is diagrammatically indicated. Assuming
that there is no refraction, the rays, as

shown on the right, would travel along the

sides of a polygon drawn around the solid,

and inscribed into the conducting gaseous
boundary in which case the length of the

side would be about 400 miles. As one-
half the circumference of the earth is ap-

proximately 12,000 miles long there will be,

roughly, thirty deviations. The efficiency

of such a reflector cannot be more than 25
per cent, so that if none of the energy of
the transmitter were lost in other ways, the

part recovered would be measured by the

fraction (J4)^°. Let the transmitter radi-

ate Hertz waves at the rate of 1,000 kilo-

watts. Then about one hundred and fifteen

billionth part of one watt is all that would
be collected in a perfect receiver. In truth,

the reflections would be much more nu-
merous as shown on the left of the figure,

and owing to this and other reasons, on
which it is unnecessary to dwell, the amount
recovered would be a vanishing quantity.

Consider now the process taking place in

the transmission by the instrumentalities

and methods of my invention. For this

purpose attention is called to Fig. 8, which
gives an idea of the mode of propagation
of the current waves and is largely self-

explanatory. The drawing represents a
solar eclipse with the shadow of the moon
just touching the surface of the earth at a

point where the transmitter is located. As
the shadow moves downward it will spread
over the earth's surface, first with infinite

and then gradually diminishing velocity

until at a distance of about 6,000 miles it

will attain its true speed in space. From
there on it will proceed with increasing
velocity, reaching infinite value at the op-
posite point of the globe. It hardly need
be stated that this is merely an illustration

and not an accurate representation in the
astronomical sense.

The exact law will be readily understood
by reference to Fig. 9, in which a transmit-
ting circuit is shown connected to earth and
to an antenna. The transmitter being in

action, two effects are produced : Hertz
waves pass thru the air, and a current
traverses the earth. The former propagate
with the speed of light and their energy is

unrecoverable in the circuit. The latter

proceeds with the speed varying as the
cosecant of the angle which a radius drawn
from any point under consideration forms
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Increase Your Will Power
In One Hour

Author of This Article Tells How He Quickly Acquired a Dominating
Will Power That Earns Him Between $50,000 and $70,000 a Year

FOUR YEARS ago a man offered me a

wonderful bargain. He was hard up for

money and wanted to sell me some shares

in a young, growing company for $1,000. Based

on the earnings of the Company the stock of-

fered me was easily worth $5,000—in fact, the

man who finally bought the shares sold them
again in five months at a profit of $4,300.

The reason I didn't buy the shares was that

I could no more raise a thousand dollars than I

could hop, skip, and jump across the Atlantic

Ocean. A thousand dollars! And my income

only twenty-five a week.

The second chapter in my lite began a few months
later, when another opportunity came to me. It re-

quired an investment of ^20,000 during the first year.

I raised the money easily, paid back every penny I bor-

rowed, and had $30,000 left at the end of the first

year! To date, in less than four years, my business

has paid me a clear profit of over jSzoo.ooo and is now
earning between S50.000 and $70,000 a year. Yet for

twelve years before, the company had been losing
money every year!

The natural question for my reader to ask Is, "How
could you borrow $20,000 to invest in a business which
had previously been a failure, after being unable to

borrow $1,000 for an investment that seemed secure?"

It is a fair question. Andd the answer can be given in

two little words— WILL POWER.
When the first proposition came to me I passed it by

simply because I didn't have the money and couldn't

borrow it. I went from one friend to the next and all

turned me down. Several refused to talk business with

me at all. They all liked me personally, and they asked

me about the kiddies, but when it came to money
matters I hadn't a chance. I was scared slifT every

time I talked to one of them. I pleaded with them,
almost begged them. But everybody had their "money
all tied up in other investments." It was an old ex-

cuse, but I accepted it meekly. I called it hard luck.

But I know today that it was nothing in the world
except my lack of Will Power, or rather my weak Will

Power, which kept me from getting what I wanted.

When I heard that the man sold those shares at

a profit of $4,300, it seemed that my sorrow could not

be greater. That profit was just about what my salary

amounted to for four years! But Instead of grieving

over my "hard luck," I decided to find out why I was
so easily beaten in everything I tried to accomplish. It

must be that there was something vital that made the

difference between success and failure. It wasn't lack

of education, for many illiterate men become wealthy.

What was this vital spark? What was this one thing

which successful men had and which I did not have?

I began to read
books about psy-

chology and mental
power. But every-
thing I read was too

general. There was
nothing definite •

—

nothing that told

me what to do.

After several
months of discour-

aging effort, I fi-

nally encountered a

book called "Power
of Will." by Prof.

Frank Channing
Haddock. The very
title came to me as

a shock. When I

opened the book I

was amazed. I

realized that will

power was the vital

spar k—t h e one
thing that I lacked.

And here in this

book were the very

rujes. lessons and
exercises through
which anyone could

increase their will

power. Eagerly I

read page after
page; including

such articles as,

The Law of Great
Thinking; How to

Develop Analytical
Power; How to Con-
centrate Perfectly:

How to Guard
Against Errors in

Thought; How to

Develop Fearless-

ness; How to Ac-
quire a Dominat-
ing Personality.

Partial List of
Contents

The Law of Great Thinking
The Four Factors on which It

depends.
How to develop analytical power.
How to think "ail around" any

subject.
How to throw the mind Into de-

liberate, controlled, productive
thinking.

Detailed directions for Perfect
Mind Concentration.

How to aoQulrp the power of

Consecutive Thinking. Rea-
soning, Analysis.

How to acquire tlie skill of Cre-
ative Writing.

How to Kuard against errors In

Thought.
How to drive from the mind all

unwelcome thoughta.
How to follow any line of thought
with keen, concentrated Powers.

How to develop Reasoning Power.
How to handle the mind in Cre-

ative Thinking.
Tlie secret of Building Mind
Power

How the Will is made to act.
How to test your Will.
How a Strong Will is Master of
Body.

What creates Human Power.
The Six Principles of Will

Training.
Dellniie Methods for developing

Will.
The NINETY-NINE METH-
ODS for using Will Power in
the Conduct of Life.

Seven Prluclples of drill In
Mental, Physical, Peraonal
jwwer

FIFTY-ONE MAXIMS for Ap-
plied Power of Perception,
Memory, Imatrlnatlon, 8elf-
Analysia, Control.

How to develop a strong, keen
gaze.

How to concentrate the eye up-
on what is before you—object,
person, printed page, work.

These are only a few of the manu
BUbjecta treated.

An hour after I opened the book I felt like

a new person. My sluggish will power was
beginning to awaken. There was a new light

in my eye, a new spring in my step, a new
determination in my soul. I began to see, in

my past, the many mistakes I had made, and
I knew I would never make them again.

I practiced some of the simple exercises.

They were more fascinating than any game of

cards or any sport.

Then came an opportunity to acquire the business

which had lost money for twelve years, and which I

turned into a ^50,000 a year money maker. Instead of

cringing before the moneyed people, I won them over
by my sheer force of will. I would not be denied.

And my every act and word since then has been the
result of my training in will power.

I am convinced that every man has within himself
every essential quality of success except a strong will.

Any man who doubts that statement need only ana-
lyze the successful men he knows, and he will find

himself their equal, or their superior, in' every way ex-

cept in will power. Without a strong will, education
counts for little, money counts for nothing, opportuni-
ties are useless.

I earnestly recommend Prof. Haddock's great work,
"Power of Will," to those who feel that success is just

out of reach—to those who lack that something which
they cannot define, yet which holds them down to the
grind of a small salary.

Never before have business men and women needed
this help so badly as in these trying times. Hundreds
of real and imaginary obstacles confront us every day,
and only those who are masters of themselves and who
hold their heads up will succeed. "Power of Will" as
never before is an absolute necessity—an investment
in self-culture which no one can afford to deny himself.

I am authorized to say that any reader who cares to
examine "Power of Will" for five days may do so with-
out sending any money in advance. If after one hour
you do not feel that your will power has increased, and
if after a week's reading you do not feel that this great
book supplies that one faculty you need most to win
success, return it and you will owe nothing. Otherwise
send only S3, the small sura asked.

Some few doubters will scoff at the idea of will power
being the fountainhead of wealth, position and every-
thing we are striving for, but the great mass of intel-

ligent men and women will at least investigate for
themselves by sending for the book at the publisher's
risk. I am' sure that any book that has done for me—

-

and for thousands of others—what "Power of Will"
has done—is well worth investigating. It is interesting
to note that among the 250,000 owners of "Power of
Will" are such prominent men as Supreme Court
Justice Parker; Wu Ting Fang, Ex-U. S. Chinese Am-
bassador ; Gov. McKelvie, of Nebraska ; Assistant
Potmaster-General Britt; General Manager Christe-
son, of Wells-Fareo Express Co.; E. St. Elmo Lewis;
Senator Arthur Capper of Kansas and thousands of
others. In fact, today "Power of Will" is just as im-
portant, and as necessary to a man's or woman's equip-
ment for success, as a dictionary. To try to succeed
without Power of Will is like trying to do business with-
out a telephone.

As your first step in will training, I suggest im-
mediate action in this matter before you. It is not
even necessary to write a letter. Use the form below,
if you prefer, addressing it to the Pelton Publishing
Company. 30-B Wilcox Block, Meriden, Conn., and the
book will come by return mail. You hold in your hand,
this very minute, the beginning of a new era in your
life. Over a million dollars has been paid for "Power
of Will" by people who sent for it on free examination.
Can you, in justice to yourself, hesitate about sending
in the coupon? Can you doubt, blindly, when you can
see. without a penny deposit, this wonder-book that
will increase your will power in one hour.

The cost of paper, printing and binding has almost
doubled during the past three years, in spite of which
"Power of Will" has not been increased in price. The
publisher feels that so great a work should be kept as
low-priced as possible, but in view of the enormous in-
crease in the cost of every manufacturing item, the
present edition will be the last sold at the present
price. The next edition will cost more. I urge you to
send in the coupon now.

PELTON PUBLISHING COMPANY
30-B Wilcox Block, Meridenr Conn.

I will eiamine a copy of "Power of Will." at your risk

I agree to remit $3 or remaU book In 5 days.

Name. .

.

Address.

City

You benefit by mentioning the "Electrical Experimenter" when writing to advertiv^rt
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1
H.P.,11Qvolts,A.C.

60 cycle, single

phase,] 750 R.P.M. MoloRS
We have 1000 NEW WASHING MACHINE MOTORS. Thos.-
arc of standard manufacture and carry the regular factory guaranlce.
Shipped in original boxes. Complete as cut.

Bought from Bankruptcy Stock
Suitable for operating ColTee Grinders. Cn-am Sepcrutors. liutlle Washers,
.\ir Compressors _ __ ^_^ ,

$18-50*^^ EACH

Maii §3.00 ciish or

Money Order. AVe
willscndCO.D. subject

to full exam ioA lion

MONEY 9JICK CUAflAHTEE

Spcclli Ouanllt) Pr<i

URCIIMS
la Smui Hi. . .

and Crncratari
Wnte to* CtUt<^aue

MANUFACTURERS' OlSTfllBUTEfl

CHAS. H.JOHNSTON -West End -Pittsburgh,!

Merchant Marine Needs THOUSANDS of Operators
^I.'^h" ° "*''?'^''

'°I y'^ ^*'"* Wireless Stitions—Aerial M.lll Service—Railroad and Tele-graph companies. Salaries up to $200 a month. E.'.cellent opportunities to win promotion
to Kadio Engineer—Inspector—or Draftsman. Chance to travel the world
iTcr or locate at Land Station in America.

Complete Course by Mail in Ten Weeks
B,"^"".*!?".^ "^l".^,'.^' P'^' ""> commercial eiamjnation In Ten Weeks or less.
Btart gtudjlni! NOW In spare time at home. We send you Complete Set
JTactlco Instruments for receiving and sending mes.sa«es, with first lessons. We
nelp s-ou secure position In any branch of Comraerclal or Oovernmenl Hacilo
Service. Write TODAY for Free Particulars. A postal will do

NATIONAL RADIO INSTITUTE
Dept. 68 Washington, D. C.

Grinding and Buffing Motors
An indispensable tool in any shop or laboratory. Your equipment is not
complete without a BODIXE grinding and buffing motor.

Save time and money by keeping your lathe tools, milling cutters and
drills sharp.

Send for bulletin No. 522 giving fill! details of this handy machine.
BODINE ELECTRIC COMPANY. 2254 W. Ohio St.. Chicago.
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with the axis of symmetry of the waves.
-\t the origin the speed is infinite but grad-
ually diminishes until a quadrant is

traversed, when the velocity is that of light.
From there on it again increases, becoming
infinite at the antipole. Theoretically the
energy of this current is recoverable in its

entirety, in properly attuned receivers.
Some experts, whom I have credited with

better knowledge,' have for years contended
that my proposals to transmit power with-
out wires are sheer nonsense but I note
that they are growing more cautious every
day. The latest objection to my system is

found in the cheapness of gasoline. These
men labor under the impression that the
energy flows in all directions and that,
therefore, only a minute amount can be re-
covered in any individual receiver. But
this is far from being so. The power is

conveyed in only one direction, from the
transmitter to the receiver, and none of it

is lost elsewhere. It is perfectly practicable
to recover at any point of the globe energy
enough for driving an airplane, or a pleas-
ure boat or for lighting a dwelling. I am
especially sanguine in regard to the lighting
of isolated places and believe that a more
economical and convenient method can
hardly be devised. The future will show
whether my foresight is as accurate now as
it has proved heretofore.

SHIP RADIO OPERATORS ASK
INCREASED WAGES.

Increased wages and the fixing of a
standard wage scale for radio operators on
vessels operating under Government direc-
tion was asked of the Shipping Board re-

cently by a delegation representing the Mar-
coni Radio Telegraphers' Association. The
radio operators included in the request made
of the Board are those on vessels operat-
ing in transatlantic and Gulf waters. As-
surances were given the radio representa-
tives by Board officials that their request
would be taken under advisement for im-
mediate consideration.

TRATTSIvIITTEK^ IBXJTTOrTi
THE S K I N •

DER VI KENTRANS-
MITTER BUTTON
presents the lateut

advance In micro-
phones and marks
a revolution In

transmitter c o n -

structlon. It works
on an entirely new
principle, takes up
p racticaUy no
room, and marks

the end of all telephone transmitter troubles.
The 8KIN0ERVIKEN TRANSMITTER BUTTON can be placed In any

position and It will talk loudly and distinctly and Is at the same
time extraordinarily sensitive. It was primarily designed to replace
the old damaged or burnt out transmitter. Simply unscrew and
remove the telephone transmitter front, disconnect the two inside
wires, unscrew and remove the bridge and the old electrode.
There remains only the diafram. These wires are then connected
with the Sklndervlken button, the latter screwed to the diafram,
and after screwing the old transmitter bousing together again,
the telephone ts ready for work.

ELECTRICAL EXPERIMENTER readers wUl be particularly
Interested in all the diiTerent experiments that can be performed
with the Skinderviken Button. Fig. 1 shows tiie Skindervlken
button attached to the back of an Ingersol watch case. When
speaking towards the inside of the case, it will be found that the

voice la reproduced
clearly and loudly
Fig. 2 shows an-
other Interesting
stunt. By attaching
the button to a tin
diafram about the
size of half a dol-
lar, and by holding
the diafram at the
side of the throat,
as shown, speech
can be transmitted

with surprising
clarity. Fig. 3 il-

lustrates the same
arrangement placed
on the chest as
shown. In this po-
sition the trans-
mitter will talk
clearly and loudly.

Fig. 4 shows an ar-
rangement whereby
the SklnderFtken
button is atta-'*hed

on a tbln wood
board at the preacher's pulpit. His voice Is clearly transmitted so that
people hard of he:; ii g can readily hear the sermon. Fig. 5 shows an In-

teresting stint, whereby a hole Is drilled in the side of a thin
class water-tumbler; the sides of the glass thus acting as a dia-
fram, the voice Is clearly transmitted. Fig. 6 shows a simple
match box Detectophone. The Skinderviken button is concealed
inside of the box, only the small brass nut showing on the out
side. This can be camouflaged as well. This device talks well.

Fig. 7 shows how to transmit phonograph music at a distance
merely by drilling a small hole in the phonograph arm and at-

tarhlng the Skinderviken button ; a very favorite experiment with
all e.trerlmeritprs. PI*. 8 showa how a very §en8lt!ve Detectophone can be
made by placing one of the buttons In Uie center of a Htho«raphed card-
Iward picture, so that only the sinall brass nut Hhows. The lame Burface
of the picture acts as a big diafram. and the voire ia well reproduced.

We have such unlimited confidence In the Skinderviken transmitter but*
Ion that we make the following remarkable offer. Send us one dollar

($1.00) for which we
will mall one button PHONOGRAPH >\ A3 A"

MUSIC AT A /^ X DETeaOPHONd
PI stance/ /\ ONPiauRE

prepaid. If you do
not wish to keep It,

return It within Ave
days nnd your money
will be refunded.
Boys! send stamp for

booklet No. 4. It

gives diagrams and
experiments using the
Skinderviken Trans-
mitter Button, and
prices of telephone
equipment.

r.,.7

SKINDERVIKEN TELEPHONE EQUIPMENT CO. Address us as STECO, 2134 N. Clark St., Chicago, III
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PRESIDENT WILSON ALWAYS IN
TOUCH WITH WASHINGTON—

VIA RADIO.
(Continued from page 708)

Lyons Station, France, was established

long before the Pennsylvania was beyond
communication range of the United States.

The Pennsylvania has six receiving
booths, which were able to receive on eight

different tunes simultaneously as follows

:

One booth guarded Annapolis or New
Brunswick tunes 16,900-13,000 meters ; one
booth guarded Lyons tunes 15,500 meters

;

one booth guarded Tuckerton's tune 9,200

meters ; one booth guarded 4,000 meters
(the Standard arc calling tune) ; one booth
guarded 450 meters for the U. S. S. George
IVasliington vacuum tube transmitter tune
and one booth guarded 297 meters (the

radio telephone tune). One additional op-
erator griiarded 600 and 952.

The radio stations at Otter Cliffs, Maine
and Lyons, France, were used to receive

messages from the President, transmitted

by the U. S. S. Pennsylvania's arc.

The George Washington's radio equip-
ment consisted of the following : One low
power spark transmitting set, one 16,900

long wave receiving set, one short wave
6(X) meter spark receiving set, one short
range radio telephone transmitting and re-

ceiving set, one vacuum tube 450 meter
transmitting and receiving set. The U. S.

S. George Washington was able to inter-

cept messages transmitted by the Annapolis
or New Brunswick stations and guard 600
meter (commercial calling, and emergency
tune and the radio telephone and vacuum
ttmes) simultaneously. Messages for the
President transmitted from the United
States by the Annapolis, New Brunswick,
Tuckerton and the Lyons station were re-

ceived by the U. S. S. Pennsylvania and
relayed to the George Washington by
means of radio telephone and vacuum tube
transmitting sets simultaneously.
The messages from the President des-

tined to United States or France were sent
from the George Washington to the Penn-
sylvania by the vacuum tube or radio tele-

phone set and were relayed by the Penn-
sylvania's high power arc transmitter direct

to the United States, Lyons or Brest,
France.
The radio communication was directed

by Commander H. W. McCormack, U.S.N.,
Fleet Radio Officer. Lieutenant S. V. Ed-
wards is in charge of the radio of the
Pennsylvania.
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NIKOLA TESLA AND HIS
INVENTIONS.

(Continued from (age 697)

nerve-racking spectacle. Then, inevitably,
in the stillness of night, a vivid picture of
the scene would thrust itself before my eyes
and persist despite all my efforts to banish
it Sometimes it would even remain fixt in
space tho I pushed my hand thru it. If my
explanation is correct, it should be possible
to project on a screen the image of any ob-
ject one conceives and make it visible.

Such an advance would revolutionize all

human relations. I am convinced that this

wonder can and will be accomplished in
time to come ; I may add that I have de-
voted much thought to the solution of the
problem.
To free myself of these tormenting ap-

pearances, I tried to concentrate my mind
on something else I had seen, and in this

way I would often obtain temporary relief

;

but in order to get it I had to conjure con-
tinuously new images. It was not long be-
fore I found that I had exhausted all of
those at my command ; my "reel" had run
out, as it were, because I had seen little of
the world—only objects in my home and
the immediate surroundings. As I per-
formed these mental operations for the sec-
ond or third time, in order to chase the

WHAT THE COURSE
TEACHES YOU.

How to talk before your

club or lodge

;

How to address board
meetings

;

How to propose and re-

spond to toasts

;

How to make a political

speech

;

How to tell entertaining

stories

;

How to make after-

dinner speeches

;

How to converse inter-

estingly ;

How to write better

letters

;

How to sell more goods

;

How to train your
memory

;

How to enlarge your
vocabulary

;

How to develop self-

confidence ;

How to acquire a win-
ning personality;

How to strengthen your
will power and ambi-
tion ;

How to become a clear,

accurate thinker

;

How to develop your
power of concentra-
tion;

How to be the master
of any situation.

Learn Public Speaking

10 LESSONS rnrr
^^ Write — quick — for W^ W\^ F. F.

particulars of this extraordinary JL A mAi^Ai^
ofifer; an opportunity you will

never forget if you take advantage of it. Ten lessons in effective public

speaking absolutely FREE to those who act promptly, to introduce our

course in localities where it is not already known.

We teach you by mail to become a powerful and convincing speaker—to in-

fluence and dominate the decisions of one man or an audience of a thousand. We
have trained hundreds and helped them to increase their earnings and their popu-

larity. Learn, in your spare time at home, how to overcome "stage fright" and

conquer fear of others ; how to enlarge your vocabulary ; how to develop self-con-

fidence and the qualities of leadership ; how to RULE others by the power of your

speech alone ; how to train your memory. Our

New Easy Method
perfected and taught only by Prof. R. E. Pattison

Kline, former Dean of the Public Speaking Depart-

ment of the Columbia College of Expression, can be

learned in 15 minutes a day. Prof. Kline is one of

the foremost authorities in the country on public

speaking and mental development. Do not let this

chance escape you.

Offer Limited
Send This Free Coupon Now

This Special Offer of TEN LESSONS FREE is

made strictly for advertising purposes and will be

withdrawn without notice. Write now, before it ex-

pires, and receive full particulars with enrollment

blank by return mail. No obligations of any kind.

Just tear off and mail this free coupon—or a postal

will do. ^^^ ^^^ I

FREE LESSONS COUPON
North American Institute,

7442 Manhattan Bldg., Chicago

I am interested in your course in Effective Public

Speaking and your offer of ten lessons free. Please

send full particulars. It is understood that this request

places me under no obligation of any kind.

You benefit by mentioning the "Electrical Experimenter" when writing to advert'
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Learn Telegraphy-Wireless
^ Right In Your Own Home, in your spare time '

Remarkable opportunities are ottered experienced wire-

less operators and telegraphers. The demand is greater than
the supply—steady positions at increased pay and rapid

advancement are assured.

Combination /^ \.£.* \.

Wireless-Telegraphy v-'Uiril
will soon make you an accomplished operator.
Teaches Light and Sound Signals, both Radio
and Morse. Outfit consists of exceptionally fine

Telegraph Key. Buzzer, 3 Binding Posts, f^mp.
Lamp Socket and Control Switch
—ail mounted on a highly fin-

ished base. Two outfits can be
operated at considerable distance
apart for sending and receiving
practice.

This Same
Outfit
Without Lamp

$0.50

Order to-day. Or your dealer can secure it for you. Descriptive
circular and catalog of celebrated Knapp Motors and Electrical
Specialties from 10c up mailed free on request.

Knapp Electric & Novelty Co.
523 West 51st Street New York City

KNAPP LEADER
R.sdlatos real powiT-plant
offlfiency. Will drive from
either pulley.

Price, Complete. $3.50

Atlantic City's Newest
Fire-Proof Hotel

Ocean Front. Unusually attractive

during the Autumn and Winter sea-

sons.

American and European Plans

Luxurious lobbies, spacious verandas and sun parlors overlooking the ocean.
Charming afternoon musicales and evening concerts. A palatial residence
for those seeking rest and recreation. Sea water baths. Fireproof garage.
Illustrated booklet sent on request.

T^ HouM of Taylor

400 Baths

600 Roods

HOTEL MARTINIQUE
BROADWAY, 33D STREET. NEW YORK
One Block from Pennsylvania Station.

Equally Convenient for
Amusements, Shopping or Business

157 Pleasant Rooms, with Private Bath,

$2.50 PER DAY.

257 Excellent Rooms, with Private Bath,
facing streetf southern exposure,

$3.00 PER DAY.
Also Attractive Rooms from $1.50.

The Restaurant Prices Are Most Moderate.

What 15'^ Your Nation's Capiy
., .I'Tl The little matter ol 15c in sumps or coin will brini; you B the Pathfinderle little matter ol 15c in sumps or coin will brinjf you the Pathfinder

13 weeks on trial. The Pathfinder is an illustrated weekly, published at
the Nation's center, for the Nation ; a paper that prinM all the news of the
world and tells the truth and only the truth; now in its 26th year. This pa-
per fills the bill without cmptyinz the purse; it costs butSl a year. II you
want to keep posted on what Is ifoinKoninthewnrld, at the least expense
ol time or money, this is your means. If you want a paper in your home

which IS sincere, reliable, entrrtaiamii. wtiolesonif. ttif Pathfinder is yours. II you would appreciate a paper which puts everything
dearly, fairly, brieflv—here it is. Send «Sc to sIt)w that you might like such a paper, and we will send the Pathfinder on probation 1

J

wectLS. 'The S5g does Dot repay us. but we are ^Uii to invest la new friends, Th« Pathflnd«r» Box 70 » WoshlnBton* D. C.

Washington, the home of the Pathfinder. Is the
nt.-rt>e center of civilization: history is being
made at this world capital. The Pathfinder's
{Ituitrated weekly review gives you a clear, im-
partial and correct diagnosis of public affairs

during the^e strenuous, epoch • making days.

Monuments— Mausoleums—Statuary
No matter what your needs, we can serve you most advan-
tageously. Estimates and designs submitted. Mail orders as
carefully executed as though you had called in person. Write
for particulars.

J. L.Wegenaar Co., 299 A B'way, N.Y.
SPECIALISTS IN DESIGN AN DCONSTRUCTION

appearances Irum my vision, the remedy
gradually lost all its force. Then I in-

stincti\ ely commenced to make excursions
beyond the limits of the small world of
which I had knowledge, and 1 saw new
scenes. 1 hese were at first very blurred
and indistinct, and would fiit away when 1

tried to concentrate my attention upon them,
but by and by 1 succeeded in fixing them;
they gained in strength and distinctness and
finally assumed the concreteness of real

things, f soon discovered that my best com-
fort was attained if I simply went on in

my vision farther and farther, getting new
impressions all the time, and so I began to

travel—of course, in my mind. Every night
(and sometimes during the day), when
alone, I would start on my journeys—see
new places, cities and countries—live there,

meet people and make friendships and ac-
quaintances and, however unbelievable, it is

a fact that they were just as dear to me as
those in actual life and not a bit less intense
in their manifestations.
This I did constantly until I was about

seventeen when my thoughts turned seri-

ously to invention. Then I observed to my
delight that I could visualize with the great-

est facility. I needed no models, drawings
or experiments. I could picture them all as

real in my mind. Thus I have been led un-
consciously to evolve what I consider a new
method of materializing inventive concepts
and ideas, which is radically opposite to the

purely experimental and is in my opinion
ever so much more expeditious'and efficient.

The moment ime constructs a device to

carry into practise a crude idea he finds

himself unavoidably engrost with the de-

tails and defects of the apparatus. As he
goes on improving and reconstructing, his

force of concentration diminishes and he
loses sight of the great underlying prin-

ciple. Results may be obtained but always
at the sacrifice of quality.

My method is different. I do not rush
into actual work. When I get an idea I

start at once building it up in my imagi-

nation. I change the construction, make
improvements aid operate the device in

my mind. It is absolutely immaterial to

me whether I run my turbine in thought
or test it in my shop. / even note if it is

out of balance. There is no difference

whatever, the results are the same. In this

way I am able to rapidly develop and per-

fect a conception without touching any-
thing. When I have gone so far as to cm-
body in the invention every possible im-

provement I can think of and see no fault

anywhere, I put into concrete form this

final product of my brain. Invariably my
device works as I conceived that it should,

and the experiment comes out exactly as I

planned it. In twenty years there has not

been a single exception. Why should it

be otherwise? Engineering, electrical and
mechanical, is positive in results. There is

scarcely a subject that cannot be mathe-
matically treated and the effects calculated

or the results determined beforehand from
the available theoretical and practical data.

The carrying out into practise of a crude

idea as is being generally done is, I hold,

nothing but a waste of energy, money and
time.

My early affliction had, however, another
compensation. The incessant mental exer-

tion developed my powers of observation

and enabled me to discover a truth of great

importance. I had noted that the appear-

ance of images was always preceded by

actual vision of scenes under peculiar and
generally very e.xceptional conditions and I

was impelled on each occasion to locate the

original impulse. After a while this effort

grew to be almost automatic and I gained

great facility in connecting cause and
effect. Soon I became aware, to my sur-

prise, that every thought I conceived was
suggested by an external impression. Not
only this but all my actions were prompted
in a similar way. In the course of time

it became perfectly evident to me that I

You benefit by mentioning the "Electrical Experimenter" when writing to advertisers.
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was merely an aitloinaton endowed \vith

power ot movement, responding lo the

stimuli of the sense organs and thniking and
acting accordingly. 1 he practical result of

this was the art of Iclaidoinatics which has

been so far carried out only in an imper-

fect manner. Its latent possibilities will,

however, be eventually shown. 1 have been

since years planning self-controlled auto-

mata and believe that mechanisms can be

produced which will act as if possest of

reason, to a limited degree, and will create

a revolution in many commercial and in-

dustrial departments.
I was about twelve years old when I first

succeeded in banishing an image from my
vision by wilful effort, but I never had
any control over the flashes of light to

which I have referred. They were, per-

haps, my strangest experience and inex-

plicable. They usually occurred when I

found myself in a dangerous or distressing

situation or when 1 was greatly exhila-

rated. In some instances 1 have seen all

the air around me filled with tongues of

living flame. Their intensity, instead of

diminishing, increased with time and seem-

ingly attained a maximum when I was
about twenty-five years old. While in

Paris, in 1883, a prominent French manu-
facturer sent me an invitation to a shoot-

ing expedition which I accepted. I had been

long confined to the factory and the fresh

air had a wonderfully invigorating eitect

on me. On my return to the city that night

I felt a positive sensation that my brain

had caught fire. I saw a light as tho a

small sun was located in it and I past the

whole night applying cold compressions to

my tortured head. Finally the flashes

diminished in frequency and force but it

took more than three weeks before they

wholly subsided. When a second invita-

tion was extended to me my answer was
an emphatic NO

!

These luminous phenomena still mani-
fest themselves from time to time, as when
a new idea opening up possibilities strikes

me, but they are no longer exciting, being

of relatively small intensity. When I close

my eyes I invariably observe first, a back-
ground of very dark and uniform blue, not

unlike the sky on a clear but starless night.

In a few seconds this field becomes ani-

mated with innumerable scintillating flakes

of green, arranged in several layers and
advancing towards me. Then there ap-

pears, to the right, a beautiful pattern of

two systems of parallel and closely spaced
lines, at right angles to one another, in all

sorts of colors with yellow-green and gold

predominating. Immediately thereafter the

lines grow brighter and the whole is thick-

ly sprinkled with dots of twinkling light.

This picture moves slowly across the field

of vision and in about ten seconds vanishes

to the left, leaving behind a ground of

rather unpleasant and inert grey which
quickly gives way to a billowy sea of clouds,

seemingly trying to mould themselves in

living shapes. It is curious that I cannot
project a form into this grey until the sec-

ond phase is reached. Every time, before
falling asleep, images of persons or objects

flit before my view. When I see them I

know that I am about to lose conscious-

ness. If they are absent and refuse to come
it means a sleepless night.

To what an extent imagination played

a part in my early life I may illustrate by
another odd experience. Like most chil-

dren I was fond of jumping and developed
an intense desire to support myself in the

air. Occasionally a strong wind richly

charged with oxygen blew from the moun-
tains rendering my body as light as cork
and then I would leap and float in space for

a long time. It was a delightful sensation

and my disappointment was keen when
later I undeceived myself.

During that period I contracted many
strange likes, dislikes and habits, some of

which I can trace to external impressions
while others are unaccoun'able. I had a
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The ManWho Wouldnt
Stay Down

TEAR OUT HERE-

He was putting in long hours at monotonous unskilled work. His small

pay scarcely lasted from one week to the next. Pleasures were few and far

between and he couldn't save a cent.

He was down—but he ivou/dn V stay there ! He saw other men promoted,

and he made up his mind that what they could do he could do. Then he

found the retisoji they were promoted was because they had special training

— an expert knowledge of some one line. So he made up his fnind that he

would get that kind of training.

He marked and mailed to Scranton a coupon like the one below. That
was his first step upward. It brought him just the information he was look-

ing for. He found he could get the training he needed right at home in the

hours after supper. From that time on he spent part of his spare time studying.

The first reward was not long in coming—an increase in salary. Then
came another. Then he was made Foreman. Now he is Superintendent

with an income that means independence and all the comforts and

pleasures that make life worth living.

It just shows what a man with ambition
can do. And this man is only one out of

hundreds of thousands who ha\e climbed
the same steps to success with the help of

the International Correspondence Schools.

What about you ?
Are you satisfied merely to hang on

where you are or would you, too, like to

have a real job and real money.' It's en-

tirely up to you. You don't hwve to stay

down. You can climb to the position you
want in the work you like best. Yes, you
can ! The I. C. S. are ready and anxious

to come to you, wherever you are, with

the very help you need.

Surely when you have an opportunity

that means so much, you can't afford to

let another priceless hour pass without at

least finding out about it. And the way
to do that is easy—without cost, without

obligating yourself in any way, mark and
mail this coupon.

[Tnternational correspondence schools
1 Box 6176, SCRANTON, PA.
I Explain, without oblisatlnK me, how lean qualify for

I
the position, or in the subject, before which I mark JC.

3^

|8

LF.rTRICAL EMIINEFU
Electrician
lectric Wiring

Electric Lighting
Electric Car Running
Heavy ElectricTraciion
Electrical Draftsman
KIcptrIp machine Uesleopr
Telegraph Expert
Practical Telephony
!tlE< IIAMCAI. ENIilNFFR
Mechanical Draftsman
Toolmaker
Ship Draftsman
Machine Shop Practice
Gas Engineer
CIVIL ENGINEER
Surveying and Mapping
MINF. FOKFM'NOKENWK
ARCHITECT
Arrhlleptiiral llraflsman
I'MMBIMil AMI HEATINfl
Sheet Metal Worker

rHEMICAL ENGINEER
a SALESMANSHIP
3 ADVERTISING MAN
3 Show Card Writer
3 Outdoor Sign Painter

G RAILROADER
a ILLUSTRATOR
Q DESIGNER
3 BOOKKEEPER
BSfenograiiher and Tjpist

Cert. Puh. Accountant
Q Traffic Management
n Commercial Law
BGOOD ENGLISH

Common Sfbool Subjects

a CIVIL SERVICE
D Railway Mail Clerk
D STATIONARY ENGINEER
n Textile Overseer or SupL
n AiJKicri.TritE
n Navigator ID SpanUli

D 1'onrtrvltBtsinK IQ Frf-nch

C Aniomohlles IH Itnllan

Present
Occupation.

Street
and No

City-

CORE WIRE
We have been fortunate In securing thru auction several tons of guaranteed pure, double

annealed Norway Iron Core Wire and are selling this wire to "Experimenter" readers

At Pre-war Prices 20cts lb.
This wire Is just the thing for sparlf colls, transformers, etc., and It Is. of course, a very much

more superior product than the usual Iron wire. We absolutely guarantee the quality.

If you ever thouglit of building a spark coll. transformer, or similar apparatus, now Is the

chance to get the right material for It, As far as we know this Is the only lot of Iron Norway Core

Wire In the hands of any dealer at the present time, and none can be gotten until after the war.

We have only two sizes left

:

26 INCHES 36 INCHES
Thickness about No. 21 B and S

If either of these sizes should be too long we advise cutting the wire down yourself by means

of shears. It will pay you to do so as real Norway Iron Wire, sold by a few dealers last year,

brought from 40c to 50c a pound. American core wire now sells for from 30c upwards per pound.

As long as the supply lasts we offer this wire as described above to our customers at the very

low price of 20c a pound. Order at once.

ELECTRO IMPORTING CO., 231 Fulton St., N. Y. C.

You benefit by mentioning the "Electrical Fxf'cyimentcr" when writing to advertisers.
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00 Down
Brings You A Suit
Tailor'Made' TO'Order

Greatest suit offer ever inade!
Think cf it—for only Sl.OO down we
make up a suit from the fabric you
select strictly accordmg to your

^^^J own individual measurements,
^^^^» and send it to you forexamination
^ ^1 and try on. If you are perfectly

^ j^ satisfied, keep it and pay balance
in easy monthly paj-ments so

small you scarcely miss the
loney. If not satisfied, re-
turn suit and we will im-
mediately refund your
dollar. Send for Style
Book and see how you can

Save Half
Because of our early

buyinsr in vast quanti-
tits. our enormous volume
and direct selling plan you
actually get your suit at

• bout half what it would or-
dinarily coat. Don't bay ready
mades—don't pay double our
price fora strictly made-to-or-
dersuit— a suit that is made to
fit the lines of your figure per-
fectly, has snap and style,
pives you lone wear and holds
Its shape. That's the kinH of

suit you fret from Stanley-
Ropers and Desides you have

5 Months To Pay
Ab^oliituly wide open credit.

You wear the suit while naying
fof it. We trust you absolutely.
Your worH is all the cecurity w«
aak. No red tape, no delay.

S1000 Reward ^J-holT/ovS
[h;il wt do no: make all our men's
?'.)its tailor-made-to-order accord-
inn to each customer's individual

. measurements. Some firms try to
bJA. fool you by telling you they make
^ly clothes "to measure", and then

eimply sell "hand-me-downs" altered here and there.
ThtTi-'s a bin difference between "made-to-order" and
"maiic-to-mt'asure"- Stanley-Rogers suits SHOW the
difference in style, fit and long wear.

Pl^pir Style Write at once for your freeri«bb Book copy of our wonderful 1918-19

Style U<M>k. See the actual cloth samples of most
beautiful weaves and patterns. Also illustrations of
latent fashions. Send postal or letter—NOW I Get free
style boijk. D.)n't .|. !fiv' Writ.- today.

STANLEY-ROGERS CO.
1015 Jackson Blvd. Oept.sos Chlcaco

IEarned$2200 W^

Richard A.
Oldham.He earned $2200.00

in four months with a Hay-
wood Tire Repairing outfit. For

20 years he was telesffaph operator on the
Illinois Central Railway. He isnow 58 years

1. He answered my advertisement—quit
his job— bought a plant and opened a busi-
ness. He just wrote me "I have made more
in cisht months than 2' .years as operator."
There are now 500 stations where tire re-

pairing is neglected.

I Must Have 500 Men
To Fill These Positions

I have a Bi« interesting Book to send you.
It tells all about tires—gives
insl'lefiguresand profit. Send
f' r -'

'. \> hat Ol'JUam and others
f -

. n>r Y'jU. can do. JiVW.O-J to
... .., ,., pt-r ve-ir is conservative.
L'ke Mr. Oldham— Ore roachino
will start you. Th^n open a shop,
yoac«nBoeba«ino^-.8ttllaround you.
oat a Haywood Sirn ard business
coroetoym. Now if t itnrt'^d. Send for
the Bitf Book and sutrtmuUing mooey.

M. HAYWOOD, Pr«s.

Haywood Tire & Equipment Co.
1209 Capitol Ave. Indianapolisjnd.

s
TAMPS:
50 dlff. BeUlum (large bl-color), China. Jamaica.
I*<irtuiral. Vene;:uela. etc.. lOc: 100 dlff.. nice
I acket. 20c: 1.000 well mlled. 40c: 100 Tar.
L*. .S.. 50c: I.OUO hlOKes, lOc: Aifts. wanted. 50%.
T.lBt fre.- 1 buy Itampt. L. B. Dover. Overland, Mo.

YOU CAN'T AFFORD TO BE WITH-
OUT THESE BOOKS:

"How to Behave." "Art of Pleating Men." "How to Be-
come Bejutllul." 25c each. "HynnotUm." 40c. "How
Gamblers Win." 50c. Satisfaction guaranteed.
W. A. Engelke. 3257 Bishop St.. CInclnnaU. Ohio.

violent aversion against the earrings of
women but other ornaments, as bracelets,

pleased me more or less according to de-
sign. The sight of a pearl would almost
give me a fit but I was fascinated with the
glitter of crystals or objects with sharp
edges and plane surfaces. I would not
touch the hair of other people except, per-
haps, at the point of a revolver. I would
get a fever by looking at a peach and if a
piece of camphor was anywhere in the
house it caused me the keenest discomfort.
Even now I am not insensible to some of
these upsetting impulses. When I drop
little squares of paper in a dish filled witli

liquid, I always sense a peculiar and awful
taste in my mouth. I counted the steps

in my walks and calculated the cubical con-
tents of soup plates, coffee cups and pieces

of food,—otherwise my meal was unenjoy-
able. All repeated acts or operations I

performed had to be divisible by three and
if I mist I felt impelled to do it all over
again, even if it took hours.

Up to the age of eight years, my charac-
ter was weak and vacillating. I had neither

courage or strength to form a firm re-

solve. My feelings came in waves and
surges and vibrated unceasingly between
extremes. My wishes were of consuming
force and like the heads of the hydra, they

inultiplied. I was opprcst by thoughts of
pain in life and death and religious fear.

I was swayed by superstitious belief and
lived in constant dread of the spirit of evil,

of ghosts and ogres and other unholy mon-
sters of the dark. Then, all at once, there

came a tremendous change which altered

the course of my whole existence.

Of all things I liked books the best. My
father had a large library and whenever
I could manage I tried to satisfy my pas-

sion for reading. He did not permit it

and would i\y into a rage when he caught
me in the act. He hid the candles when he
found that I was reading in secret. He
did not want rac to spoil my eyes. But I

obtained tallow, made the wicking and cast

the sticks into tin forms, and every night I

would bush the keyhole and the cracks and
road, often till dawn, when all others slept

and my mother started on her arduous
daily task. On one occasion I came across

a novel entitled "Abafi" (the Son of Aba),
a Serbian translation of a well known
Hungarian writer, Josika. This work some-
how awakened my dormant powers of will

and 1 began to practise self-control. At
first my resolutions faded like snow in

."Xpril, but in a little while I conquered my
weakness and left a pleasure I never knew
before—that of doing as I willed. In the

course of time this vigorous mental exer-

cise became second nature. At the outset

my wishes had to be subdued but gradually

desire and will grew to be identical. After
years of such discipline I gained so com-
plete a mastery over myself that I toyed
with passions which have meant destruction

to some of the strongest men. At a cer-

tain age I contracted a mania for gambling
which greatly worried my parents. To sit

down to a game of cards was for me the

quintessence of pleasure. My father led

an exemplary life and could not excuse
tlu- senseless waste of time and money in

which I indulged. I had a strong resolve

but my philosophy was bad. I would say to

him, "I can stop whenever I please but is

it worth while to give up that which I

would purchase with the joys of Paradise?"
On frequent occasions he gave vent to his

anger and contempt but my mother was
different. She understood the character of

men and knew that one's salvation could

only be brought about thru his own efforts.

(')ne afternoon, I remember, when I had
lost all my money and was craving for a

game, she came to me with a roll of bills

and said, "Go and enjoy yourself. The
sooner you lose all we possess the better it

will be. I know that you will get over it."

She was right. I conquered my passion

S kind erviken
Transmitter

Button
See what the editor of Elec-

trical Experimenter says about
the button :

New York, Oct. 22, 1918.

J. Skinderviken, National Hotel,
Washington, D. C.

In .writer's opinion, obtained by
actual elaborate tests, your Trans-
mitter Button is probably most effi-

cient device of its kind on market
today, due to its simplicty and
other outstanding features. Should
have a great future.

H. Gernsback.

See what a couple of Electrical

Experimenter readers say about
the button :

New Brighton, Pa.
Dec. 16, 1918.

Dear Sirs:
I have been using one of your

Transmitter Buttons for experi-
mental work, and it certainly lives
up to all you say for it and then
some.

Yours truly,
Harry H. Bruhn.

, Wash, D. C.
Dec. 18. 1918.

Dear Sirs:
I received the Transmitter But-

ton and I am well pleased with it.

It is everything you claim it to be
and more too.

Youis truly,
G. A. Wick.

We have now thousands of

buttons in stock and can ship

same day as order is received.

Send remittance with order as

per our money back guarantee.

See our ad page 734.

We have large stock of neces-

sary supplementary equipment
for experimenting. Send for a

complete list. Receivers $1.00.

Induction Coils from $0.35.

Ringers from $0.35. Generators
from $1.75.

SKINDERVIKEN
TELEPHONE EOLIP-
MENT COMPANY
2134 North Clark Street

Chicago. Illinois

Abbreviated Address STECO

The ANDERSON
Steam Vulcanizer
Anderson's Flexlljle Confor-

mation Di'vlce. upon which an
ordinary monkey wrench exerts

tnn4 or iircssure. forces thou-
sands of little rubber rWota Into

the lire's fabric,

to be cooked In •

by our super-
heated dry steam
Byatem.
Wo gnarantec to make practi-

cal nilcarilzers out of men from
20 to 70 years old. $235 and 6
to 10 days in one of our many
State Vulcanizing Schools will
start you In this profitable
business.

Tho Anderson Steam
Vulcanizer Co.

No. 23 Williams Bldg..
Indianapolis, Ind. '—

MJtb. of the Frimnug Anderson Steam Vulrantzer.
erg nf the AnderHfin methnd of vulcanizinff

INSYDE TYRES Inner Armor
(or Auto Tlr«i. Doabl« mfl«are, prevent blow- I

uta and punctarea. Easily aDBlled In «ny tire.
|

'hoaaanda aold. Detaita free. AsenU wanted. I

Amer.Acceisorlcs Co..P«pt. , 3. Cincinnati j

You benefit by mentioning the "Hlectrical Experimenter" when writing to advertisers.
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I

then and there and only regretted that it

had not been a hundred times as strong. I

not only vanquished but tore it from my
heart so as not to leave even a trace of
desire. Ever since that time I have been
as indifferent to any form of gambling as

to picking teeth.

During another period I smoked exces-

sively, threatening to ruin my health. Then
my will asserted itself and I not only stopt

but destroyed all inclination. Long ago I

suftered from heart trouble until I discov-

ered that it was due to the iimocent cup of
coffee I consumed every morning. I dis-

continued at once, tho I confess it was
not an easy task. .In this way I checked
and bridled other habits and passions and
have not only preserved my life but de-

rived an immense amount of .satisfaction

from what most men would consider priva-

tion and sacrifice.

After finishing the studies at the Poly-
technic Institute and University I had a

complete nervous breakdown and while the

malady lasted I observed many phenomena
strange and unbelievable.

(To he continued in our March issue)

TEN TELEPHONE OR FORTY
TELEGRAPH CURRENTS OVER

ONE CIRCUIT.

POSTM.\STER GENERAL BURLE-
SON on December 12th made public

a letter from Theodore N. Vail an-
nouncing the invention and develop-
ment by the technical staff of the Bell

system of a practical inethod of multiplex

telephony and telegraphy, which is expected
to revolutionize long-distance wire com-
munication.
Mr. Vail, who is President of the Amer-

ican Telephone and Telegraph Company,
explained that there can be a combination
of telegraphy and telephony under this in-

vention by which a pair of wires, i.e., one
full metallic circuit, will be available either

for five simultaneous telephone conversa-
tions (ten voices) or ior forty simultaneous
telegraph messages, or partly for one and
partly for the other.

With this new system four telephone con-
versations over one pair of wires are si-

multaneously carried on in addition to the

telephone conversation provided by the or-

dinary methods. Thus, over a single pair

of wires a total of five telephone conversa-
tions are simultaneously operated, each giv-

ing service as good as that provided by the

circuit working in the ordinary way.
Heretofore the best telephone methods

known to the art provided only one tele-

phone conversation at a time over a single

pair of wires. A number of years ago there

was developed the phantom circuit arrange-
ment, by which three telephone circuits

were obtained from two pairs of wires, an
important improvement, of which extensive
use has been made commercially. Now, by
the multiplex method we are enabled to

obtain five telephone circuits over one pair
of wires, that is, ten simultaneous telephone
conversations from the two pairs of wires
which formerly could be used for only three
simultaneous telephone conversations. This
represents an increase of more than three-
fold in the telephonic capacity of the wires,

as compared with the best previous state of
the art.

Some proposals made by the earlier

workers in this particular field have natu-
rally proved suggestive in the successful so-
lution of the problem, particularly a sug-
gestion made by Maj. Gen. George O.
Squier, Chief Signal Officer of the United
States Army, about ten years ago, and
which at the time attracted very general
attention.

Furthermore, while working in entirely
different fields and with a different ob-
jective. Dr. Lee deForest a number of
years ago invented a wireless device known
as the Audion, which by improvements and
adaptation has been made an important part
of the Bell telephone system.

Become an Electrician In One Year Here
Or Learn An Electrical Trade In 6 Months

THIS school teaches electricity thoroughly, from the very fundamentals, including the
laws and principles of electricity and the theory of direct current—together with
practical lectures and problems, actual training in laboratory work and electrical

machine departments of designing, building, repairing, installing, operating, etc. And the
faculty here are practical electrical engineers who know how and what to teach because
they know what knowledge and ability the great field of Electricity requires.

As one example of this school's thoroughness and
practical training and development, witness the pic-
ture above, showing view of armature winding de-
partment, where students actually wind armature

—

D.C. and A.C.—by a most successfully practical and
unique method.

The thorouehness in essentials here, the practical
training and able faculty, together with this school's
broad facilities and intensive abilities, are the reasons
why you can become an Electrician here in one year,
or master one of the Electrical Trades in 6 months.

If you nre determined to achieve success in the
Electrical Field this is your school. You will acquire
and accomplish more in a shorter time at a less cost
ami be o. fully developed, practical electrical man when
you finish. Mail the coupon at the right and get com-
plete illustrated and descriptive details of the advan-
tnf:es this school affords. If interested in Electrical
Engineering with B.S. degree, check same on coupon.
Mail the coupon now.

You Can Earn While You Learn

A STUDENTS' Cooperative Dormi-
tory and Boarding Club Is organ-

Ized here with modern and completely
equipped school quarters for housing
and boarding students—conducted by
student committees for the athletic,
social and academic welfare of the
students and estahllshtng living econ-
omy and comfort. Fully explained on
request.

Wf will provide you with part time employment
to help defray your expenses here and give

you actual outside experience — without interfering
with your class hours—which is fully explained in
our catalog. Mail the coupon.

Sch<lool of ilngineering
of Milwaukee

An Electrical Technicians' Institute

Department of Practical Electricity

76-373 Broadway, Milwaukee, Wis.

I Mail This Coupon NOW
School of Engineeting of Milwaukee

I 76-373 Broadway, Milwaukee, Wis.

I
Without obligating rae, please furnish

I details of . . . .day or . . . .evening course
. (or courses) checked below.
I

. .Electrician
. ..Electro-Technician
> . .Electrical Engineer

I
Special 6 Months' Courses.

. .Draftsman
I ..Electrical Trouble & Lineman

..Electrical Wireman
I ..Electrical Motor Repairman

..Telephone Trouble & Repairman
I ..Electrical Meterman

. . Dormitory

' NAME
I ADDRESS

I
AGE
EMPLOYED AT

|l EDUCATION

TYPEWRITER SENSATION
PROMPT SHIPMENT.

$4.00 per month buys a beautifully reconstructed, latest model visible

typewriter, with back spacer, decimal tabulator, two-color ribbon, etc.

Every late style feature and modern operating device. Sent on approval.
Catalogue and special prices free.

Harry A. Smith, 738, 218 N. Wells St., Chicago, 111.

Let Me Train YOU in

AV I AT I O N
I want you to take up Aviation. Positions at
good pay are going begging, because there are
nitt enough trained men to fill them. LET ME
TK.VIN VOU for some of these big positions
tli.it pay big wages. I know the game, for I

liave been flying fur years- My advice to you
is to deride right now to take a

Home Course in Aviation ^^ ^ — — — """"" ""

ill ymir spar*.- time. Send today for our y Fill Out This.Coupon and Mail Today

Two Airplane Concerns agree to

take every one of our students

who have mastered our course

for the big payinci positions of

Mechanics. Inspectors. Assemblers.

Engineers, etc.

Why don't YOU quality?

\ personal letter ^ Natloual Aero lusrltute, I)ept. 7442,
^ Morton ISuildiuc Cblciiffo, III.

alone with it, I will tell you some
IXSIDB facts abnut this great Indus- - ,. o- n, j -.u . _,
trv. Ynu'il want to gel right In. / Pf.^LrS'r: Please send me withoui: obliRstion. copy
Address aa follows: ^ .^K ^^^ Science of >\vlation also particulars of

w Mai) Course m the Principles of Aviation,

Captain George Frederick Capt. Geo. F. Campbell. Chief ^
CamuDell. Formerly Third Instructor. NATIONAL AERO / Name -
Ace of the Royal Flying INSTITUTE. DEPT. 7442. ^
Corps. Chief Insnu-tor of Morton building, Chicago. -*^

National Aoro Institute. Illinois. / Address „
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LSEWHERE in this issue is disclosed in

full detail for the first time what U. S.

Navy officials term as the greatest American
War Invention: "Underground and Sub-
sea Wireless."

Last month we hinted editorially on the
theoretical aspect of the problem—this

month we are face to face with the accomplisht fact. The
war has revolutionized not only peoples, nations and the
whole world, but many hitherto unshakable scientific in-
stitutions as well. For over twenty years the wireless
aerial—the elevated aerial wire system—was synonymous
with the wireless art. The great radio station, the trans-
atlantic liner, could not well he imagined without its

ubiquitous stretch of elevated wires. The greatest pride
of the radio amateur, the aerial on top of his house,
which lo him was symbolic of the young art, is doomed.
This change has been brought about over night by the
magic wand of science and her servant—Mr. James Harris
Rogers, American, of Hyattsville, Md.
The aerial wires, down for the duration of the war,

will never go up, at least as far as amateurs and private
stations are concerned. As for the commercial stations,

their towers too are doomed shortly for the scrap-heap.
During the war Mr. Rogers developed underground and
sub-sea wireless— for receiving at least—to a hereto-
fore undreamt of state of perfection. His receiving
station at Hyattsville never mist a word transmitted
from French, English, Italian as well as German high
power stations. //(• received his messages from Europe
when a thunderstorm, accompanied by terrific lightning,

•was going on directly above his head. Recently, too, he
has done away entirely with static.

When the big station at Arlington, near Washington,
was out of touch with Europe, due to static disturbances.
Mr. Rogers wont right on receiving over his buried
underground wires, just as if static never existed. In-

deed the Rogers invention knows no static. Static being
an atmospheric condition, a ground antenna naturally
will not be affected by it.

But the most spectacular feature of Mr. Rogers' revo-

lutionizing invention probably is his "Sub-sea Wireless."

Scientists the world over, Marconi included, declared it

an utter impossibility to communicate by wireless with

a totally submerged submarine. Mr. Rogers, however,
goes right ahead and does it, not only in fresh water
but thru salt water as well. Indeed he establisht wire-

less communication with a submarine -whose aerial wires

were 25 feet below the surface of the ocean!
Altho Mr. Rogers, during the war, gave most of his

attention toward receiving messages, he has made con-

siderable progress in underground radio transmission

as well. His experiments prove conclusively that, while

underground radio receiving is here to stay, underground
sending too will soon be practical enough, even for high

power stations. It is merely a question of good insula-

tion at present, and the end of this year, we are quite

confident, will bring the solution of the problem. The
Navy Department has just succeeded in transmitting

a distance of 50 miles with the underground system.

At first it would seem reasonable that only long wave
lengths could be used with the Rogers system. But this

is not the case. Underground Radio-telephone messages,

seven miles distant, come in just as clear on 300 meters

wave length as does the Nauen (Germany) station with

12,600 meters wave length. This indeed is good news for

our amateurs.

But in the meanwhile, all of our pet theories on wire-

less are thrown in a sad chaos. For we do not know as

yet how the Rogers system works. We can now expect

a war to the knife between our wave-propagation theor-

ists and the new school of ground-impulse savants. Mr.
Rogers himself takes the view—and he is seconded by
Tesla—that the transoceanic messages which he receives

over his underground system are not Hertzian waves—
pure or even converted—but merely high frequency

ground impulses.

The future may tell us which school is right.

H. Gernsback.
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Tesla's Egg of Columbus
How Tesla Performed the Feat of Columbus

Without Cracking the Egg
P'BABLY one of the most far-

reaching and revolutionary discover-

ies made by Mr. Tesla is ihe so-called

rotating magnetic field. This is a new
and wonderful manifestation of force

—a magnetic cyclone—producing striking

with any speed desired. Long ago, when
Tesla was still a student, he conceived the

idea of the rotating magnetic field and this

remarkable principle is embodied in his fa-

mous induction motor and system of trans-

mission of power now in universal use.

In this issue of the Electrical Experi-
menter Mr. Tesla gives a remarkable ac-
count of his early efforts and trials as an
inventor and of his final success. Unlike
other technical advances arrived at thru
the usual hit and miss methods and hap-

TH£ SMALLER BALLS
REVOLVE. AROUNO THE LAROW
CENTRAL EG&&0TH MOVING
AROUND THC PATH Of THE
REVOLVING MAGNETIC

FIELD

POLISHED
woooer.
PLATPORrt
Placed on
2 PHASE
MAGNET
COILS

2 PHASE
MAGNET
WINDING

n? 51

Fig. 2.

Copyright. 1019, by E. P. Co.

Illustrating the Polyphase Coil and Rotating Megnetic Field Which Caused Copper Eggs to Spin.
Fig. 3. Insert: Detail of Coil Apparatus Showing Coil Connections to Different Phases.

phenomena which amazed
the world when they wire-

first shown by him. It re-

sults from the joint action

of two or more alternating

currents definitely related to

one another and creating

magnetic fluxes, which, by
their periodic rise and fall

.... _ .... :..,:.':::.:.,.:„'

Fig. I. This hitherto unpubllsht
photograph Is extremely Interesting as
It shows not only "Tesla's Electric

Egg" apparatus In the center ol the
background, but also a comprehensive
view of a corner of his famous Hous-
ton Street laboratory of a decade ago.
At the left may be seen a number of

Tesla's oscillators or high Ireouency
generators, while In the rear may be
noted a large high frequency trans-
former of the spiral type, the diameter
of which was a little over nine feet.

The electric egg apparatus comprising
a two-phase A.C circular core and
winding, rests on a table, and this
particular model measured about two
feet across. In making the demon-
strations. Tesla applied as much as
200 H.P. from a two-phase alternator
to the exciting colls, and so Intense
was the revolving magnetic field created
In the surrounding space, that small
delicately pivoted Iron discs would
revolve In any part of the hall, and a
great many other devices could be
simultaneously operated from this

ni i i iiwiiwiiiiiiiiiniiiiiissiimiiiiwiiiiiiii

acenrding to a mathematical
law, cause a continuous
shifting of the lines of
force. There is a vast differ-

ence between an ordinary
electro-magnet and that in-

vented by Tesla. In the for-

mer the lines are stationary,

in the latter they are made
to whirl around at a furi-

ous rate. The first attracts

a piece of iron and holds it

fast; the second causes it to

spin in any direction and

hazard experimentation, the

rotating field was purely the

work of scientific imagina-

tion. Tesla developed and
perfected, entirely in his

mind, this great idea in all

its details and applications

without making one single

experiment. Not even the

f,

magnetic field when thus excited. The.

frequency of the two-phase A.C.
energizing the colls, was varied from
25 to 300 cycles, the best results being

obtained with currents of from 35 to

40 cycles. This laboratory was lighted

bv Tesla's vacuum tubes, several of

which may be seen on the celling, and
each of which emitted 50 C.P. The
coll resting on three legs and observed
In the Immediate foreground Is the
rlmary of a resonant Tesla trans-
rmer which collected energy from an
oscillatory circuit encircling the
laboratory, no matter In what position

the transformer was placed. A low
tension secondary of one or two turns,

of heavy cable (not visible) was pro-

vided for stepping down the energy
collected by "mutual Induction," and
supplied the current to Incandescent
lamps, vacuum tubes, motors and
other devices. When the circuit

around the hall was strongly excited,
the secondary furnished energy at the
rate of about thre^-quarters of one

horse- power.

mnmrniiiiiiiiiiii'iiiiiiiiiiiiiM

usual first model was used.

When the various forms of
apparatus he had devised
were tried for the first time
they worked exactly as he
had imagined and he took
OUt some forty fundamental
patents covering the whole
vast region he had explored.

He obtained the first rota-

tions in the summer of 1883
after five years of constant

and intense thought on the

subject and then undertook
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the equally difficult task of finding believers

in his discovery. The alternating current

was but imperfectly understood and had no

standing with engineers or electricians and

for a long tune Tesla talked to deaf ears.

But, ultimately, his pains were rewarded
and early in 1887 a company bearing his

name was formed for the commercial intro-

duction of the invention.

Dr. Tesla recently told the editors an

amusing incident in this connection. He
had approached a Wall Street capitalist

—

a prominent lawyer—with a view of getting

financial support and this gentleman called

in a friend of his. a well-known engineer

at the head of one of the big corporations

in Xew York, to pass upon the merits of

the scheme. This man was a practical ex-

pert who knew of the failures in the indus-

trial exploitation of alternating currents and
was distinctly prejudiced to a point of not

caring even to witness some tests. After
several discouraging conferences Mr. Tesla

had an inspiration. Everybody has heard
of the "Egg of Columbus." The saying

goes that at a certain dinner the great ex-
plorer asked some scoffers of his project

to balance an egg on its end. They tried

it in vain. He then took it and cracking the

shell slightly by a gentle blow, made it stand

upright. This may be a myth but the fact

is that he was granted an audience by
Isabella, the Queen of Spain, and won her
support. There is a suspicion that she was
more imprest by his portly bearing than

Fig. 5. This Illustration shows one of Tesla's high fre-

quency oscillation generators and a bank of his high fre-

quency lamps lighted by the same. These highly evacuated,
gas filled tubes were operated In different ways, in some
cases they were connected to one wire only; In other in-

stances to two wires. In the manner of ordinary Incandes-
cent lamps. Often, however, they were operated without
any connection to wires at all. i.e., by "wireless energy",
over quite appreciable distances, which could have been
greatly extended with more power. The oscillator comprises
a Tesla high potential transformer which Is excited from a
condenser and circuit controller, as described In his patents
of 1896. The primary exciting element comprised a powerful
electro-magnet actuating an armature, and this circuit was
connected with HO volt. 60 cycle A.C. or O.C. When the
oscillator was put into operation, the Interrupter actuated
by the electro-magnet connected to the 110 volt circuit, be-

came simultaneously the spark gap for the high potential

exciting circuit, which Included this vibrator, spark gap, a
high tension condenser and the primary of the high fre-

quency Tesla transformer. The lamps were connected to the
secondary of the latter the terminals of which are seen In

the rear of the machine.

the prospect of his discovery.

Whatever it might have been, the

Queen pawned her jewels and
three ships were equipt for him
and so it happened that the Ger-
mans got all that was coming to

them in this war. But to return

to Tesla's reminiscence. He said

to these men, "Do you know the

story of the Egg of Columbus .'"

Of course they did. "Well," he

continued, "what if I could make
an egg stand on the pointed end
without cracking the shell?" "If

you could do this we would ad-
mit that you had gone Columbus
one better." "And would you be
willing to go out of your way as

much as Isabella?" "We have
no crown jewels to pawn," said

the lawyer, who was a wit, "but
there are a few ducats in our
buckskins and we might help you
to an extent."

Mr. Tesla thus succeeded in

capturing the attention and per-
sonal interest of these very busy
men, extremely conservative and
reluctant to go into any new en-
terprise, and the rest was easy.

He arranged for a demonstration
the following day. A rotating

field magnet was fastened under
the top board of a wooden table

and Mr. Tesla provided a cop-
per-plated egg and several brass

balls and pivoted iron discs

vincing his prospective

Fig. 4. This photograph represents a collection of a few of Tesla's wire-

less lamps, such as he proposes to use In lighting isolated dwellings all

over the world from central wireless plants. The two lamps at either

corner at the bottom are illuminated, owing to the fact that a high
frequency oscillator was in operation some distance away when this

photograph was being taken. These tubes were filled with various gases

for experimental research work In determining which was most efficient.

for con-

associates. He
placed the egg on the table and, to their as-

tonishment, it stood on end, but when they
found that it was rapidly spinning their

stupefaction was complete. The brass balls

and pivoted iron discs in turn were set spin-

ning rapidly by the rotating field, to the

amazement of the spectators. No sooner
had they regained their composure than
Tesla was delighted with the question : "Do
you want any money?" "Columbus was
never in a worse predicament," said the

great inventor, who had parted with his last

portrait of George Washington in defray-

ing the expenses of the preparation. Before
the meeting adjourned he had a substantial

check in his pocket, and it was given with
the assurance that there was more to be
had in the same bank. That started the

ball rolling. Tens of millions of horse-

power of Tesla's induction motors are now
in use all over the world and their produc-
tion is rising like a flood.

In 1S93 Mr. Albert Schmid, then Super-
intendent of the Westinghouse Electric and
Mfg. Co. constructed a powerful rotating

field ring with an egg made of copper, and
larger than that of an ostrich, for Dr.

Tesla's personal collection at the Chicago
World's Fair. This piece of apparatus was
one of the most attractive novelties ever
publicly shown and drew enormous crowds
every day. Subsequently it was taken to Mr.
Tesla's laboratory and served there perma-
nently for demonstrating rotating field phe-
nomena. In his experiments it was prac-

ticable to use as much as 200 horsepower
for a short time, without overheating the

wires and the effects of the magnetic forces

were wonderfully fascinating to observe.

This is the very ring indicated in the accom-
panying photograph (Fig. 1 ), giving a view
of Mr. Tesla's former laboratory at 46
E. Houston Street, New York. It is shown
in detail in Fig. 2, and the mode of wind-
ing is illustrated in diagram (Fig. 3).

Originally the two-phase arrangement was
provided but Mr. Tesla transformed it to

the three- and four-phase when desired. On
top of the ring was fastened a thin circular

board, slightly hollowed, and provided
around its circumference with a guard to

prevent the objects from flying off.

Even more interesting than the spinning

egg was the exhibition of planetary motion.

In this experiment one large, and several

small brass balls were usually employed.
When the field was energized all the balls

would be set spinning, the large one re-

maining in the center while the small ones

revolved around it, like moons about a

planet, gradually receding until they

reached the outer guard and raced along

the same.
But the demonstration which most im-

prest the audiences was the simultaneous
operation of numerous balls, pivoted discs

and other devices placed in all sorts of

positions and at considerable distances from
the rotating field. When the currents were
turned on and the whole animated with
motion, it presented an unforgettable spec-

tacle. Mr. Tesla had many vacuum bulbs

in which small, light metal discs were
pivotally arranged on jewels and these

would spin anywhere in the hall when the

iron ring was energized.

Rotating fields of 15,000 horsepower are

now being turned out by the leading manu-
facturers and it is very likely that in the

near future capacities of 50,000 horsepower
will be employed in the steel and other in-

dustries and ship propulsion by Tesla's

electric drive which, according to Secretary
of the Navy Daniels' statement, has proved
a great success.

But any student interested in these phe-

nomena can repeat all the classical experi-

ments of Tesla by inexpensive apparatus.

For this purpose it is only necessary

to make two slip ring connections on an
ordinary small direct current motor or

dynamo and to wind an iron ring with four
coils as indicated in diagram Fig. 3. No
particular rule need be given for the wind-
ings but it may be stated that he will get

the best results if he will use an iron ring

of comparatively small section and wind
it with as many turns of stout wire as prac-

ticable. He can heavily copper plate an
egg but he should bear in mind that Tesla's

egg is not as innocent as that of Columbus.
The worst that can happen with the latter

is that it might be,—er—over ripe! but the

Tesla egg may explode with disastrous ef-

fect because the copper plating is apt to

be brought to a high temperature thru the

induced currents. The sensible experi-

menter will, therefore, first suck out the

contents of the egg—thus satisfying both

his appetite and thirst for knowledge.
Besides the Totaling field apparatus Mr.

i
i ontinued on page 808)
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I

SHALL dwell briefly on these extraordinary experiences, on
account of their possible interest to students of psychology
and physiology and also because this period of agony was of
the greatest consequence on my mental development and
subsequent labors. But it is indispensable to first relate the

circumstances and conditions which preceded them and in which

might be found their

partial explanation.

~DO\ S will be boys, the world over. The Boy Tesla was no
J-f exception to the universal rule, as this, his second auto-
biographical article clearly proves.

Mr. Tesla in his own inimitable, delightful way, here paints

with a literary artist's brush his own intimate boyhood in charm-
ing as well as vivid colors.

II <• have often heard of Tesla, the dreamer. But if he is

entitled to the epithet, his early boyhood certainly fails to reveal

it. Tesla did not allow much grass to grow under his feet while
a boy, for he assuredly ivas a strenuous, red-blooded youngster.

You will wish to read all about the greatest inventor s early

boyhood. It is doubly valuable because it comes from his own
pen. We promise you an interesting twenty-minutes' entertain-

ment. —EDITOR.

From childhood I

was compelled to con-

centrate attention upon

myself. This caused

me much suffering but.

to my present view, it

was a blessing in dis-

guise for it has taught

me to appreciate the

inestimable value of in-

trospection in the pre-

servation of life, as

well as a means of

achievement. The
pressure of occupation

and the incessant ^^^^^^=^^^=^^^===^=^^^==
stream of impressions

pouring into our consciousness thru all the gateways of knowledge

make modern existence hazardous in many ways. Most persons

are so absorbed in the contemplation of the outside world that

they arc wholly oblivious to what is passing on within themselves.

The premature death of millions is primarily traceable to this

cause. Even among those who exercise care it is a common
mistake to avoid imaginary, and ignore the real dangers. And
what is true of an individual al lies, more or less, to a people

as a whole. Witness, in illustration, the prohibition movement.

A drastic, if not unconstitutional, measure is now being put thru

in this country to

prevent the con-

sumption of alcohol

and yet it is a posi-

tive fact that coffee,

tea, tobacco, chew-

ing gum and other

stimulants, which
are freely indulged

in even at the
tender age, are vast-

ly more injurious to

the national body,

judging from the
number of those

who succumb. So,

for instance, dur-

i n g my student
years I gathered

from the published

necrologues in

Vienna, the home of

coffee drinkers, that

deaths from heart

trouble sometimes

reached sixty-seven

per cent of the total.

This Photograph Shows in the Background the House in Which Mr. Tesla's Family Resided.

The Edifice at the Right Is the "Real Gymnasium" Where He Studied. The Ecclesiastic

Gentleman Is His Uncle, the Metropolitan of Bosnia, Who Was a Great Statesman and
Who Thwarted the Designs of Austria Upon Serbia at a Critical Period.

Similar observations might probably be made in cities where the

consumption of tea is excessive. These delicious beverages super-

excite and gradually exhaust the fine libers of the brain. They also

interefere seriously with arterial circulation and should be enjoyed

all the more sparingly as their deleterious effects are slow and

imperceptible. Tobacco, on the other hand, is conducive to easy

and pleasant thinking

and detracts from the

intensity and concen-

tration necessary to all

original and vigorous

effort of the intellect.

Chewing gum is help-

ful for a short while

but soon drains the

glandular system and
in f i c t s irreparable

damage, not to speak

of the revulsion it

creates. Alcohol in

small quantities is an

excellent tonic, but is

toxic in its action when
-———————^——— absorbed in larger

amounts, quite immate-

rial as to whether it is taken in as whiskey or produced in the

stomach from sugar. But it should not be overlooked that all

these are great eliminators assisting Nature, as they do, in upholding

her stern but just law of the survival of the fittest. Eager reform-

ers should also be mindful of the eternal perversity of mankind

which makes the indifferent "laissez-faire" by far preferable to

enforced restraint. The truth about this is that we need stimu-

lants to do our best work under present living conditions, and

that we must exercise moderation and control our appetites and

inclinations in every direction. That is what I have been doing

for many years, in

this way maintain-

ing myself young in

body and mind. Ab-
stinence was not al-

ways to my liking

but I find ample

reward in the agree-

able experiences I

am now making.
Just in the hope of

converting some to

my precepts and
convictions I will
recall one or two.

A short time ago

I was returning to

my hotel. It was a

bitter cold night,

the ground slippery,

and no taxi to be

had. Half a block

behind me followed

another man, evi-

dently as anxious as

myself to get under

(Cont. on pane 839)
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An interesting study of the great inventor, contemplating the glass bulb of his famous yicLss

li„l,t A full description of the invent,,.,, will appear shortly in the Electrical Experimenter

This is the only profile photograph of Mr. Tesla in existence!. It was taken specially for tin

Electrical Experimenter.

vPi 1 9 1 '•! by E. P. l:o.
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EXPERIMENTAL PHYSICS.
(Continued from page 806)

near the electroscope, we find that the elec-

troscope discharges rapidly. The Bunsen
flame ionizes the air very rapidly. A small
quantity of radio-active material will dis-

charge the electroscope very rapidly, show-
ing that radio-active materials have the

ability to IOX1ZE the air. The larger

the amount of radio-active material the
faster the rate of discharge of the electro-

scope. A pinch of Uranium Oxid in the
electroscope chamber, will ionize the air so
rapidly that the leaf will fall practically

instantaneous!} !

Experiment 113.

A third test for the presence of most
radio-active substances is the "Fluorescence
Effect"—which some of them have upon
certain compounds, especially Zinc Sulfid.

Any of the substances which give off alpha
radiations (see figure 102) will cause a

zinc sulfid screen to fluoresce. If the

screen is observed thru a sufficiently high
power magnifying lens, or microscope
(say ten or fifteen diameters magnifica-
tion), the continuous soft glow of the zinc

sulfid seen by the naked eye becomes, on
magnification, hundreds of tiny flashes of
light, not unlike the sparks obtained by
striking flint and steel together. Figure
101 shows the Spinthariscope, which can be
easily made by the reader. A is small

metal tube with a hole, S, in its cap. E
and F are lenses. C is the fluorescent

screen on the cap of tube B. D is a small
particle of the radio-active substance. A
practical use of the fluorescent effect of
alpha particles is familiar to all of us in

the radium paints, luminous dials, et cetera.

These compounds consist of specially pre-

pared zinc sulfid, mixed with about 2,000

parts of radium bromid, or a radio-active

compound having an equivalent of alpha-
ray activity. Altho the period of half de-

cay of radium itself is approximately 2,000

years, see table 102, the luminosity of the

compound falls off, due to the fact that the

zinc sulfid loses its power to luminesce, but

not because the radium gives out. Some
specifications for luminous paint, as for
government work, stipulate that the zinc
sulfid and radio-active substance shall

be mixed in such proportions that the aver-
age useful life of the paint will be from
8 to 10 years.

The discovery of radio-activity has given
us a vast field for research and as a result

the physicist has been able to make suba-
tomic investigations. Atoms are constantly
exploding and shoot out as fragments,
the alpha and beta particles. Altho the

energy liberated by these explosions is

fairly large, no diminution in the weight
of the radio-active substance has been de-

tected after the liberation of the energy.

J. J. Thomson computed that the disinte-

gration of one gram of hydrogen would
liberate sufficient energy to raise a million

tons 300 feet. See Fig. 103. If only this

energy could be trapt, ami recent researi h

shows the pussibility of it, Garfield and his

coal-house gang would lose their job, for

who would use ten tons of dial when one
gram of hydrogen would give an equiva-

lent heating value. Table 102 gives in-

teresting data concerning the radio-active

substances. In each series the first sub-

stance gives the second on disintegration

and the second the third, etc. The second
column gives the kind of radiation given

off by the respective substances and the last

column tells how long it takes for the

substance to disintegrate tc half of Un-

original amount. This half-period means
that after 2,000 years, for instance, one-

half of the substance in question will have
disintegrated. After 4,000 years, one-half

of the remainder will have disintegrated or

disappeared, etc., etc. The total life of

pure Radium is computed from this law to

be about 22,000 years.

(To be continued)

HISTORIC ELECTRIC SWITCH-
BOARD AND DYNAMO.
(Continued from page 778)

field magnet type with surface wound ar-
matures. There are quite a number of
these generators still in existence in vari-

ous parts of the country, and in tribute to

their designer, it should be said that they
perform their duty very well indeed, consid-
ering the time at which they were built, for

thirty to thirty-five years in the electrical

industry has, we might almost say, wittiest

the entire development of the whole scheme
of electrical generation, transmission and
utilization of power, under the directorship

of such men as Edison, Thomson, Houston.
Tesla, Westinghouse and Sprague.
The wooden switch-board, shown in the

photograph, contains four box-type field

rheostats, and it is peculiar to note that they

are mounted on the face of the board in-

stead of in the rear, as in present day prac-
tise.

—

Photo by Richard Nelson.

THE TESLA EGG OF COLUMBUS.
(Continued -from page 775)

Tesla had other surprises for his audiences,
which were even more wonderful. So, for

instance, the coil on three legs, visible in

the foreground, was used to operate wire-
less motors, lamps and other devices, and
the spiral coil in the background served to

show extraordinary high potential phe-
nomena, as streamers of great length.

ULTRAVIOLET ENERGY AND
ITS USE.

By M. Luckiesh, Pliysicist, Ncla Research

Laboratory.

Since the discovery of ultraviolet rays,

more than a century ago, their production
and properties have been subjected to a

great deal of investigation. However, not-

withstanding the extensive literature on the

subject we must agree with Sheppard, who
says in his book on Photo-chemistry

:

"We are only at the beginning of the con-
scious utilization of the powers of light, as

distinct from the unconscious enjoyment of
them."
Owing to the many unique properties of

these invisible rays, they are extremely val-

uable in certain scientific investigations,

tests, and industrial processes, and it ap-
pears certain, that with the progress of the

development of sources of ultraviolet rays.

and of media transparent to them, the use-

fulness of ultraviolet energy will be rap-
idly extended. The problems in which these
unique properties may be utilized are mani-
fold.

As to Sources:—There are many sources
of ultraviolet energy, but few are powerful
enough to be widely useful. The ideal

source, which emits a continuous hon-
banded spectrum of high intensity thruout
the entire ultraviolet region, does not exist.

Some of the sources are here ranked in

order : magnetite arc, old mercury arc, new
mercury arc, and carbon arc.

The blue flame arc emits ultraviolet en-
ergy very strongly. It is a simple matter
to construct an arc which will emit ultra-

violet energy strongly, provided hand-
control is satisfactory. An iron rod and a

carbon rod may be employed successfully
for the two poles, however two iron rods
may answer the purpose very well. These
poles may be kept cool effectively by means
of heavy brass or copper sleeves, which
may be wound along the iron rods as the
latter are consumed.
Uses of Ultraviolet Rays:—Ionization of

air; powerful bactericidal agent: kill germs
in water; effect upon animal tissue to

bronze the skin. In industrial processes
such as acetylene and arc welding, which
are attended by powerful ultraviolet energy,

there is a demand for eye-protecting glasses.

You benefit by mentioning the "P.lectrical Experimenter" u'/ic/i uniting to advertisers.
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THE ROGERS UNDERGROUND
WIRELESS.

(Continued from page 835)

thusa" at sea about 150 miles from New
Orleans.

Main Antenna Underground Antenna
(500' composite)

Sig Static Sig. Static

400 5000 300 15

The "Arethusa" had been trying to get

thru a naval despatch which could not be
copied on elevated antenna on account of

serious static interference. The despatch

was taken on the underground antenna, and
every word copied correctly.

At 9 P. M., April 7, 1917, it was possible

to copy signals from Tuckerton with ease,

while static on the elevated antenna made
it impossible to read any arc signals.

The following results were obtained with

spark signals

:

Three hundred foot wires in parallel, ten

feet apart, a .002 m.f. condenser in series

with primary coil of a Telefunken receiver

to obtain 600 meters.

Sig. Static Sig Static

Date Station YV. L. Aud Aud Aud And
Ground Main
Antenna Antenna

Apr. 2 Point Isabel 600 15

Apr. 2 Tampa 600 200 3000
Apr. 2 Port Arthur 600 150 3000
Apr. 2 Pensacola 1200 20 100 150
Apr. 2 Ft. Sam Houston 150

Of particular interest is the fact that

when static pre-edits reception on the main
antenna, reception can be continued on the

underground antenna. This has even been
done during a severe lightning storm, when
the main antenna would have been danger-
ous without grounding. Reception is also

directional and permits of avoiding inter-

ference to some extent by using wire "off

direction" of an interfering station.

Strays : Strays are as a rule practically

absent. Occasional loud cracks widely sep-

arated are received. (.Ed. note. This has
since been overcome.) These isolated

strays, altho frequently loud, do not inter-

fere in the least with the reception of

signals. On two occasions, strays have
risen to an audibility in excess of 5,000

on these separate cracks, but even in this

case, reception of signals, altho a little dif-

ficult, was not interrupted. On these two
occasions it was necessary to ground both
of the (elevated) aerials at the main sta-

tion.

Considering the matter of strays, it can
be said that on four or five occasions dur-
ing one week, which was one marked by
tremendous storms in the Great Lakes re-

gion, that strays rose to an audibility in

excess of 10,000 at the beach station. Even
in this case, however, signals from boats
within 100 miles and from shore stations,

such as Ludington, Milwaukee and Mani-
towoc, were usually readable, because the

strays while very loud, were nowhere near
as numerous as on the elevated aerial. Dur-
these periods a messenger was kept at the
beach station to carry up messages to the
main station, which could not receive these
signals on account of the strays.

There seems to be no appreciable advan-
tage in using more than one wire—No. 12

weather proof insulated.

The experiments at Great Lakes confirm
the work of the Bureau of Standards on
the importance of adequate insulation of
the wire. If the wires are grounded at the

ends, it does not necessarily make much
difference unless they are adjusted to the
optimum wire length ; but if properly ad-
justed to this length, grounding of the

wires, either intentionally or accidentally,

produces a diminuation of the signals,

which, however, even with the intentional

grounding of the two ends, still leaves them
50% of their maximum value. Therefore,
while the question of insulation is impor-
tant, it does not mean that the system will

fail entirely if the insulation becomes faulty.

MY INVENTIONS.

(Continued from page 776)

cover. Suddenly my legs went up in the

air. In the same instant there was a flash

in my brain, the nerves responded, the mus-
cles contracted, I swung thru 180 degrees
and landed on my hands. I resumed my
walk as tho nothing had happened when
the stranger caught up with me. "How
old are you?" he asked, surveying me criti-

cally. "Oh, about fifty-nine," I replied.

"What of it?" "Well," said he, "I have
seen a cat do this but never a man." About
a month since I wanted to order new eye-

glasses and went to an oculist who put me
thru the usual tests. He lookt at me in-

creduously as I read off with ease the

smallest print at considerable distance. But
when I told him that I was past sixty he
gasped in astonishment. Friends of mine
often remark that my suits fit me like

gloves but they do not know that all my
clothing is made to measurements which
were taken nearly 35 years ago and never
changed. During this same period my
weight has not varied one pound.

In this connection I may tell a funny
story. One evening, in the winter of 1885,

Mr. Edison, Edward H. Johnson, the Presi-
dent of the Edison Illuminating Company,
Mr. Batchellor, Manager of the works, and
myself entered a little place opposite 65
Fifth Avenue where the offices of the
company were located. Someone suggested
guessing weights and I was induced to step

on a scale. Edison felt me all over and
said : "Tesla weighs 152 lbs. to an ounce,"
and he guest it exactly. Stript I weighed
142 lbs. and that is still my weight. I

whispered to Mr. Johnson : "How is it

possible that Edison could guess my weight
so closely?" "Well," he said, lowering his

voice, "I will tell you, confidentially, but
you must not say anything. He was em-
ployed for a long time in a Chicago slaugh-
ter-house where he weighed thousands of
hogs every day ! That's why." My friend,

the Hon. Chauncey M. Depew, tells of an
Englishman on whom he sprung one of his

original anecdotes and who listened with a
puzzled expression but—a year later

—

laughed out loud. I will frankly confess it

took me longer than that to appreciate
Johnson's joke.

Now, my well being is simply the result

of a careful and measured mode of living

•and perhaps the most astonishing thing is

that three times in my youth I was rendered
by illness a hopeless physical wreck and
given up by physicians. More than this,

thru ignorance and lightheartedness, I got
into all sorts of difficulties, dangers and
scrapes from which I extricated myself as

by enchantment. I was almost drowned a

dozen times ; was nearly boiled alive and
just mist being cremated. I was entombed,
lost and frozen. I had hair-breadth es-

capes from mad dogs, hogs, and other wild
animals. I past thru dreadful diseases and
met with all kinds of odd mishaps and that

I am hale and hearty today seems like a

miracle. But as I recall these incidents to

my mind I feel convinced that my preser-
vation was not altogether accidental.

An inventor's endeavor is essentially life-

saving. Whether he harnesses forces, im-
proves devices, or provides new comforts
and conveniences, he is adding to the safety

of our existence. He is also better qualified

than the average individual to protect him-
self in peril, for he is observant and re-

sourceful. If I had no other evidence that

I was, in a measure, possest of such qual-

ities I would rind it in these personal ex-
periences. The reader will be able to judge
for himself if I mention one or two in-

stances. On one occasion, when about 14
years old, I wanted to scare some friends
who were bathing with me. My plan was to

dive under a long floating structure and slip

out quietly at the other end. Swimming
and diving came to me as naturally as to a
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duck ant! I was confident that I could per-

form the feat. Accordingly I plunged into

the water and, when out of view, turned
around and proceeded rapidly towards the

opposite side. Thinking that I was safely

md the structure, I rose to the surface

but to my dismay struck a beam. Of course,

I quickly dived and forged ahead with rapid

strokes until my breath was beginning to

give out. Rising for the second time, my
head came again in contact with a beam.
Xow I was becoming desperate. However,
summoning all my energy, I made a third

frantic attempt but the result was the same.
The torture of supprest breathing was get-

ting unendurable, my brain was reeling and
I felt myself sinking. At that moment, when
my situation seemed absolutely hopeless, I

experienced one of those flashes of light

and the structure above me appeared before

my vision. I either discerned or guest that

there was a little space between the surface

of the water and the boards resting on the

beams and, with consciousness nearly gone,
I floated up, prest my mouth close to the

planks and managed to inhale a little air,

unfortunately mingled with a spray of
water which nearly choked me. Several
times I repeated this procedure as in a

dream until my heart, which was racing at

a terrible rate, quieted down and I gained
composure. After that I made a number
of unsuccessful dives, having completely
lost the sense of direction, but finally suc-

ceeded in getting out of the trap when my
friends had already given me up and were
fishing for my body.

That bathing season was spoiled for me
thru recklessness but I soon forgot the

lesson and only two years later I fell into

a worse predicament. There was a large

flour mill with a dam across the river near

the city where I was studying at that time.

As a rule the height of the water was only

two or three inches above the dam and to

swim out to it was a sport not very dan-
gerous in which I often indulged. One day
I went alone to the river to enjoy myself
as usual. When I was a short distance

from the masonry, however, I was horrified

to observe that the water had risen and
was carrying me along swiftly. I tried to

get away but it was too late. Luckily, tho,

I saved myself from being swept over by
taking hold of the wall with both hands.

The pressure against my chest was great

and I was barely able to keep my head
above the surface. Not a soul was in sight

and my voice was lost in the roar of the

fall. Slowly and gradually I became ex-

hausted and unable to withstand the strain

longer. Just as I was about to let go, to

be dashed against the rocks below, I saw
in a flash of light a familiar diagram illus-

trating the hydraulic principle that the pres-

sure of a fluid in motion is proportionate

to the area exposed, and automatically I

turned on my left side. As if by magic
the pressure was reduced and I found it

comparatively easy in that position to resist

the force of the stream. But the danger
still confronted me. I knew that sooner
or later I would be carried down, as it was
not possible for any help to reach me in

time, even if I attracted attention. I am
ambidextrous now but then I was left-

handed and had comparatively little strength

in my right arm. For this reason I did not

dare to turn on the other side to rest and
nothing remained but to slowly push my
body along the dam. I had to get away
from the mill towards which my face was
turned as the current there was much
swifter and deeper. It was a long and pain-

ful ordeal and I came near to failing at

its very end for I was confronted with a

depression in the masonry. I managed to

get over with the last ounce of my force

and fell in a swoon when I reached the

bank, where I was found. I had torn

virtually all the skin from my left side and

it took several weeks before the fever sub-

sided and I was well. These are only two
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of many instances hnt they may be sufficient

to show that had it not been for the in-

ventor's instinct 1 would not have lived to

tell this tale.

Interested people have often asked me
how and when I began to invent. This I

can only answer from my present recollec-

tion in the light of which the first attempt

1 recall was rather ambitious for it involved

the invention of an apparatus and a method.
In the former I was anticipated but the

latter was original. It happened in this

way. One of my playmates had come into

the possession of a hook and fishing-tackle

which created quite an excitement in the

village, ami the next morning all started

out to catch frogs. I was left alone and
deserted owing to a quarrel with this boy.

I had never seen a real hook and pictured

it as something wonderful, endowed with

peculiar qualities, and was despairing not

to be one of the party. Urged by necessity,

I somehow got hold of a piece of soft iron

wire, hammered the end to a sharp point

between two stones, bent it into shape, and
fastened it to a strong string. I then cut a

rod, gathered some bait, and went down to

the brook where there were frogs in abun-
dance. But I could not catch any and was
almost discouraged when it occurred to me
to dangle the empty hook in front of a

frog sitting on a stump. At first he col-

lapsed but by and by his eyes bulged out

and became bloodshot, he swelled to twice

his normal size and made a vicious snap

at the hook. Immediately I pulled him up.

I tried the same thing again and again

and the method proved infallible. When
my comrades, who in spite of their fine

outfit had caught nothing, came to me they

were green with envy. For a long time I

kept my secret and enjoyed the monopoly
but finally yielded to the spirit of Christ-

mas. Every boy could then do the same
and the following summer brought disaster

to the frogs.

In my next attempt I seem to have acted

under the first instinctive impulse which
later dominated me—to harness the en-

ergies of nature to the service of man. I

did this thru the medium of May-bugs—
or June-bugs as they are called in America
—which were a veritable pest in that coun-

try and sometimes broke the branches of

trees by the sheer weight of their bodies.

The bushes were black with them. I would
attach as many as four of them to a cross-

piece, rotably arranged on a thin spindle,

and transmit the motion of the same to a

large disc and so derive considerable "pow-
er." These creatures were remarkably
efficient, for once they were started they

had no sense to stop and continued whirling

for hours and hours and the hotter it was
the harder they worked. All went well

until a strange boy came to the place. He
was the son of a retired officer in the

Austrian Army. That urchin ate May-bugs
alive and enjoyed them as tho they were
the finest blue-point oysters. That disgust-

ing sight terminated my endeavors in this

promising field and I have never since been

able to touch a May-bug or any other in-

sect for that matter.

After that, I believe, I undertook to take

apart and assemble the clocks of my grand-
father. In the former operation I was al-

ways successful but often failed in the

latter. So it came that he brought my work
to a sudden halt in a manner not too deli-

cate and it took thirty years before I

tackled another clockwork again. Shortly

thereafter I went into the manufacture of

a kind of pop-gun which comprised a hol-

low tube, a piston, and two plugs of hemp.
When firing the gun, the piston was prest

against the stomach and the trir: was
pushed back quickly with both hands. The
air between the plugs was comprest and
raised to high temperature and one of them
was expelled with a loud report. The art

consisted in selecting a tube of the proper

taper from the hollow stalks which were
(Continued on paiic 843)
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MY INVENTIONS

(Continued from page 841)

did very well with that gun but my activities

interfered with the window panes in our
house and met with painful discourage-
ment. If I remember rightly. I then
took to carving swords from pieces of
furniture which I could conveniently obtain.

At that time I was under the sway of the
Serbian national poetry and full of admira-
tion for the feats of the heroes. I used
to spend hours in mowing down my enemies
in the form of corn-stalks which ruined the
crops and netted me several spankings from
my mother. Moreover these were not of
the formal kind but the genuine article.

I had all this and more behind me before
I was six years old and had past thru one
year of elementary school in the village of
Smiljan where I was born. At this junc-
ture we moved to the little city of Gospic
nearby. This change of residence was like

a calamity to me. It almost broke my heart
to part from our pigeons, chickens and
sheep, and our magnificent flock of geese
which used to rise to the clouds in the
morning and return from the feeding
grounds at sundown in battle formation, so
perfect that it would have put a squadron
of the best aviators of the present day to

shame. In our new house I was but a
prisoner, watching the strange people I saw-

thru the window blinds. Sly bashfulness
was such that I would rather have faced
a roaring lion than one of the city dudes
who strolled about. But my hardest trial

came on Sunday when I had to dress up
and attend the service. There I met with
an accident, the mere thought of which
made my blood curdle like sour milk for

years afterwards. It was my second ad-
venture in a church. Xot long before I was
entombed for a night in an old chapel on an
inaccessible mountain which was visited

only once a year. It was an awful experi-
ence, but this one was worse. There was a
wealthy lady in town, a good but pompous
woman, who used to come to the church
gorgeously painted up and attired with an
enormous train and attendants. One Sun-
day I had just finished ringing the bell in

the belfry and rushed downstairs when this

grand dame was sweeping out and I

jumped on her train. It tore off with a
ripping noise which sounded like a salvo
of musketry fired by raw recruits. My
father was livid with rage. He gave me
a gentle slap on the cheek, the only cor-
poral punishment he ever administered to

me but I almost feel it now. The embar-
rassment and confusion that followed are
indescribable. I was practically ostracised
until something else happened which re-

deemed me in the estimation of the com-
munity.

An enterprising young merchant had or-
ganized a fire department. A new fire en-
gine was purchased, uniforms provided and
the men drilled for service and parade.
The engine was, in reality, a pump to be
worked by sixteen men and was beautifully
painted red and black. One afternoon the
official trial was prepared for and the ma-
chine was transported to the river. The
entire population turned out to witness the
great spectacle. When all the speeches and
ceremonies were concluded, the command
was given to pump, but not a drop of water
came from the nozzle. The professors and
experts tried in vain to locate the trouble.

The fizzle was complete when I arrived at
the scene. My knowledge of the mechan-
ism was nil and I knew next to nothing
of air pressure, but instinctively I felt for
the suction hose in the water and found
that it had collapsed. When I waded in

the river and opened it up the water
rushed forth and not a few Sunday clothes
were spoiled. Archimedes running naked
thru the streets of Syracuse and shouting
Eureka at the top of his voice did not make

a greater impression than myself. I was
carried on the shoulders and was the hero
of the day.

Upon settling in the city I began a four-
years' course in the so-called Normal School
preparatory to my studies at the College
or Real-Gymnasium. During this period my
boyish efforts and exploits, as well as
troubles, continued. Among other things I

attained the unique distinction of champion
crow catcher in the country. My method
of procedure was extremely simple. I

would go in the forest, hide in the bushes,
and imitate the call of the bird. Usually
I would get several answers and in a short
while a crow would flutter down into the
shrubbery near me. After that all I needed
to do was to throw a piece of cardboard
to detract its attention, jump up and grab
it before it could extricate itself from the
undergrowth. In this way I would capture
as many as I desired. But on one occasion
something occurred which made me respect
them. I had caught a fine pair of birds
and was returning home with a friend.

When we left the forest, thousands of crows
had gathered making a frightful racket.

In a few minutes they rose in pursuit and
soon enveloped us. The fun lasted until all

of a sudden I received a blow on the back
of my head which knocked me down. Then
they attacked me viciously. I was com-
pelled to release the two birds and was
glad to join my friend who had taken
refuge in a cave.

In the schoolroom there were a few me-
chanical models which interested me and
turned my attention to water turbines. I

constructed many of these and found great
pleasure in operating them. How extra-
ordinary was my life an incident may il-

lustrate. My uncle had no use for this

kind of pastime and more than once re-

buked me. I was fascinated by a descrip-
tion of Niagara Falls I had perused, and
pictured in my imagination a big wheel run
by the Falls. I told my uncle that I would
go to America and carry out this scheme.
Thirty years later I saw my ideas carried
out at Niagara and marveled at the un-
fathomable mystery of the mind.

I made all kinds of other contrivances
and contraptions but among these the ar-
balists I produced were the best! My
arrows, when shot, disappeared from sight

and at close range traversed a plank of
pine one inch thick. Thru the continuous
tightening of the bows I developed skin on
my stomach very much like that of a croco-
dile and I am often wondering whether it

is due to this exercise that I am able even
now to digest cobble-stones ! Nor can I

pass in silence my performances with the
sling which would have enabled me to give
a stunning exhibit at the Hippodrome. And
now I will tell of one of my feats with this

antique implement of war which will strain

to the utmost the credulity of the reader.
I was practicing while walking with my
uncle along the river. The sun was setting,

the trout were playful and from time to

time one would shoot up into the air, its

glistening body sharply defined against a
projecting rock beyond. Of course any
boy might have hit a fish under these pro-
pitious conditions but I undertook a much
more difficult task and I foretold to my
uncle, to the minutest detail, what I in-

tended doing. I was to hurl a stone to

meet the fish, press its body against the
rock, and cut it in two. It was no sooner
said than done. My uncle looked at me
almost scared out of his wits and ex-
claimed "Fade retro Satanas!" and it was
a few days before he spoke to me again.
Other records, however great, will be
eclipsed but I feel that I could peacefully
rest on my laurels for a thousand years.

(In the April issue Mr. Tesla will de-

scribe in detail how he conceived one of his

most important and far reaching inventions:

"The Rotary Magnetic Field."—Editor.)
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InnteirpSaini
>5^f FEW week.-, a^o Marconi startled the world

by stating that he had often received strong
wireless signals which seemed to come
from beyond the earth. In a recent inter-

view publisht in the New York Evening
Post Xikola Tesla, too, reminds us that he
had made known to the world years ago

llie fact that extra-planelar>- signals were recorded in his
Colorado Laboratory. That was in 1899, before the world
dreamt of wireless.

Even today announcements such as the above are made
light of by editorial writers and others of limited sci-

entific perception. For the earth-bound layman still

persists that intelligence can only exist on Earth. Such
childish reasoning shows what sort of "intelligence"
blossoms on this planet. It never occurs to these review-
ers to question why Nature in her Wisdom should have
singled out the little speck called Earth, on which to
plant beings endowed with reason. Why should there
be such an exception? Life in some form or other is

certain of being found on myriads of worlds thruout
the Universe. And if one world dies, all life does not die
with it. Svante .-^rrhenius shows us how life-bearing
spores are carried by the pressure of light thru inter-

stellar space, notwithstanding the absolute zero which
prevails there.

In our planetarv- system, conditions for life, such as we
know it, probably only e.xists on two planets : Mars and
\'enus. Life on the latter being more or less doubtful,
due to its heavy water-laden atmosphere, there remains
Mars, a body much older in evolution than the earth.

Conditions on Mars we know by direct observation as
well as deduction are favorable for life, and we may
be certain that it exists there. And if we once grant
this, we must also grant that it must have existed for
hundreds of thousands of years prior to that on Earth

:

consequently Martian civilization must be thousands of
years ahead of ours.

From this we must deduce again that the Martians
probably signaled to us ages ago, when prehistoric man
still roamed the forests. But why go so far back? Sup-
pose the Martians had sent us radio messages only

thirty years ago. We could never have received them,
for we then had no means of recording them. Detectors
and audions were undreamt of.

In all this warped logic, we presuppose wireless sig-

nals. But why should a civilization so far ahead of ours
use—to them—obsolete radio waves, which, like as not, can
never hope to bridge 35 million miles! If the Martians
are signaling to us, you may be certain that they use an
entirely different means than Radio. To be sure, it may
turn out to be one of the many wave forms of the

ether, but we can only tuakc a poor guess at it today.
Meanwhile Martian signals probably fly about our heads
day and night, as they may have for thousands of years,

but we are still deaf and blind to them. The Martian
Wave Detector still remains uninvented. At that the

Martians probably have used many methods on us. It is

not even impossible that they may have used reflected

sun rays. Bell and Tainter in 1880 demonstrated a "wire-
less" telephone—the Pholophone—by making use of a
vibrating light ray falling upon a selenium cell. Speech
was transmitted over many miles this way. With neces-

sary refinements such a system might bridge interplaneta-

rian space.

As to one planet understanding the other, that is of

course child's play. Still, many humorous editorial writ-

ers have misgivings on that score. They arc afraid that

on Mars 2 + 2 might equal, perhaps, 5 or 3, so how
could we get together, they ask.

A simple example might serve as an illustration. Sup-
pose an American and a Frenchman, neither knowing the

other's language, were comiected by a long telegraph line.

Both are ignorant of the code. But both have enough
sense to tap the key. Suppose both have the desire to

enter into communication, what will they do? Tap out

dots from one to ten, of course. Thus
etc. It will not take them many months, if they keep at

it, to work out a sort of "international" language by

means of dots. And the higher their intelligence, the

quicker will they understand each other.

That is the basis of interplanetarian communication.

H. Gernsback.
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By Nikola Tesla

IIL MY LATER EMDEAVORS
The Discovery of tho Ro U.UL!
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ic Field
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A
T the age of ten 1 entered the Real Gymnasium which was

a new and fairly well equipt institution. In the depart-

ment of physics were various models of classical scien-

tific apparatus, electrical and mechanical. The demon-

strations and experiments performed from time to time

by the instructors fasci-

nated me and were un-

doubtedly a powerful in-

centive to invention. I

was also passionately fond

of mathematical studies

and often won the profess-

or's praise for rapid cal-

culation. This was due to

my acquired facility of

visualizing the figures and

performing the operations,

not in the usual intuitive

manner, but as in actual

life. Up to a certain de-

gree of complexity it was

absolutely the same to me
whether I wrote the sym-

bols on the board or con-

jured them before my
mental vision. But free-

hand drawing, to which

many hours of the course

were devoted, was an

annoyance I could not en-

dure. This was rather re-

markable as most of the

members of the family ex-

celled in it. Perhaps my
aversion was simply due

to the predilection I found

in undisturbed thought.

Had it not been for a few

exceptionally stupid boys,

who could not do anything

at all. my record would

have been the worst. It

was a serious handicap as

under the then existing

educational regime, draw-

ing being obligatory, this

deficiency threatened to

spoil my whole career and

my father had considerable trouble in railroading me from one

class to another.

In the second year at that institution I became obsest with the

idea of producing continuous motion thru steady air pressure. The

pump incident, of which I have told, had set afire my youthful

imagination and imprest me with the boundless possibilities of

a vacuum. I grew frantic in my desire to harness this inexhaust-

ible energy but for a long time I was groping in the dark. Finally,

however, my endeavors crystallized in an invention which was to

enable me to achieve what no other mortal ever attempted. Imagine

a cylinder freely rotatable on two bearings and partly surrounded

by a rectangrular trough which fits it perfectly. The open side of

Nikola Tesla at 60.

the trough is closed by a partition so that the cylindrical segment

within the enclosure divides the latter into two compartments en-

tirely separated from each other by air-tight sliding joints. One
of these compartments being sealed and once for all exhausted,

the other remaining open, a perpetual rotation of the cylinder

would result, at least, I

thought so. A wooden
model was constructed and

fitted with infinite care and

when I applied the pump
on one side and actually

observed that there was a

tendency to turning, I was
delirious with joy. Me-
chanical flight was the one

thing I wanted to accom-

plish altho still under

the discouraging recollec-

tion of a bad fall I sus-

tained by jumping with an

umbrella from the top of

a building. Every day I

used to transport myself

thru the air to distant

regions but could not un-

derstand just how I man-

aged to do it. Now I had

something concrete—a fly-

ing machine with nothing

more than'a rotating shaft,

flapping wings, and— a

vacuum of unlimited
power ! From that time on

I made my daily aerial ex-

cursions in a vehicle of

comfort and luxury as

might have befitted King

Solomon. It took years

before I understood that

the atmospheric pressure

acted at right angles to

the surface of the cylinder

and that the slight rotary

effort I observed was due

to a leak. Tho this knowl-

edge came gradually it

gave me a painful shock.

I had hardly completed

my course at the Real Gymnasium when I was prostrated with a

dangerous illness or rather, a score of them, and my condition be-

came so desperate that I was given up by physicians. During this

period I was permitted to read constantly, obtaining books from

the Public Library which had been neglected and entrusted to me
for classification of the works and preparation of the catalogues.

One day I was handed a few volumes of new literature unlike

anything I had ever read before and so captivating rs to make
me utterly forget my hopeless state. They were the earlier works

of Mark Twain and to them might have been due the miraculous

recovery which followed. Twenty-five years later, when I met

Mr. Clements and we formed a friendship between us, I told

A Very Recent Portrait of the Great Inventor.
An Excellent Likeness.

Copyriehl. 1919, by E. P. Co, All rights reserved

Mr. Tesla's articles started in our February issue
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THIS installment, no doubt the most interesting of the three published

so far, reieals many extraordinary occurrences and experiences in the

world's greatest inventor's life—experiences such as do not fall to the

lot of ordinary mortals. And Tesla, the many sided, aside of inventing,

knows the rare art of painting ivord-pictures. He does so here in a masterly

fashion. He tells us how he finally conceived the induction motor—perhaps
his greatest discovery—the invention ivhich changed the face of the globe,

the invention ivhich made possible the street car, the subway, the electric

train, power transmission, the harnessing of tvater falls and countless others.

But let Tesla tell you himself how it all came about. It is a classic worth
reading. EDITOR.

him of the experience and was amazed to sec that great man of

laughter burst into tears.

My studies were continued at the higher Real Gymnasium in

Carlstadt, Croatia, where one of my aunts resided. She was a dis-

tinguished lady, the wife of a Colonel who was an old war-horse

having participated in many battles. I never can forget the three

years I past at their home. No fortress in time of war was under

a more rigid discipline. I was fed like a canary bird. All the

meals were of the highest quality and deliciously prepared but

short in quantity by a thousand percent. The slices of ham cut

by my aunt were like tissue paper. When the Colonel would put

something substantial

on my plate she would

snatch it away and say

excitedly to him : "Be

careful, Niko is very

delicate.'" I had a vo-

racious appetite and

suffered like Tantalus.

But I lived in an at-

mosphere of refine-

ment and artistic taste

quite unusual for those

times and conditions.

The land was low and

marshy and malaria

fever never left me while there despite of the enormous amounts

of quinin I consumed. Occasionally the river would rise and

drive an army of rats into the buildings, devouring everything

even to the bundles of the fierce paprika. These pests were to me
a welcome diversion. I thinned their ranks by all sorts of means,

which won me the unenviable distinction of rat-catcher in the

community. At last, however, my course was completed, the misery

ended, and I obtained the certificate of maturity which brought

me to the cross-roads.

During all those years my parents never wavered in their re-

solve to make me embrace the clergy, the mere thought of which

filled me with dread. I had become intensely interested in elec-

tricity under the stimu-

lating influence of my
Professor of Physics, who
was an ingenious man and

often demonstrated the

principles by apparatus of

his own invention. A.mong

these I recall a device in

the shape of a freely ro-

tatable bulb, with tinfoil

coatings, which was made
to spin rapidly when con-

nected to a static machine.

It is impossible for me to

convey an adequate idea of

the intensity of feeling I

experienced in witnessing

his exhibitions of these

mysterious phenomena.

Every impression produced

a thousand echoes in my
mind. I wanted to know
more of this wonderful

force : I longed for ex-

periment and investigation

and resigned myself to the

inevitable with aching
heart.

Just as I was making
ready for the long journey

home I received word that

my father W'ished me to

go on a shooting expedi-

tion. It was a strange re-

quest as he had been al-

ways strenuously opposed

to this kind of sport. But

Tesla's First Induction Motor. This Historic IModel is One of the Two First
Presented Before the American Institute of Electrical Engineers.

WHAT IS THE INDUCTION MOTOR?
The induction motor operates on alternating current. It has no commutator
like a direct current motor, nor slip rings like an alternating current motor.
Contrary to the two types just cited the "field" current is not steady, but the
current itself rotates constantly pulling around with it—by induction—the
only moving part of the motor—the rotor—or armature. Having no arma-
tur€ nor slip rings, the induction motor never sparks. It consequently knows
no "brush" trouble. It needs no attention because of its ruggedness. Only
the bearings wear out. Its efficiency too is higher. On account of all this
the induction motor is used in a prepondering proportion in street cars,

electric trains, factories, etc.

a few days later I learned that the cholera was raging in that dis-

trict and, taking advantage of an opportunity, I returned to Gospic
in disregard of my parents' wishes. It is incredible how abso-

lutely ignorant people were as to the causes of this scourge which
visited the country in intervals of from fifteen to twenty years.

They thought that the deadly agents were transmitted thru the

air and filled it with pungent odors and smoke. In the meantime
they drank the infected water and died in heaps. I contracted the

awful disease on the very day of my arrival and altho surviving

the crisis, I was confined to bed for nine months with scarcely any
ability to move. My energj' was completely e.xhausted and for

^^^^^^^^^^^^^^^^^^^^^^^^^ the second time I found

myself at death's door.

In one of the sinking

spells which was
thought to be the last,

my father rushed into

the room. I still see his

pallid face as he tried

to cheer me in tones

belying his assurance.

"Perhaps," I said, "I

may get well if you will

let me study engineer-

^^^^^^^^^^^^^^^^-^^^^^—^^^ ing." "You will go to

the best technical in-

stitution in the world." he solemnly replied, and I knew that he
meant it. A heavy weight was lifted from my mind but the relief

would have come too late had it not been for a marvelous cure
brought about thru a bitter decoction of a peculiar bean. I came
to life like another Lazarus to the utter amazement of everybody.
My father insisted that I spend a year in healthful physical out-
door exercises to which I reluctantly consented. For mo.st of this

term I roamed in the mountains, loaded with a hunter's outfit and
a bundle of books, and this contact with nature made me stronger
in body as well as in mind. I thought and planned, and conceived
many ideas almost as a rule delusive. The vision was clear enough
but the knowledge of principles was very limited. In one of my

inventions I proposed to

convey letters and pack-

ages across the seas, thru

a submarine tube, in sphe-

rical containers of suffi-

cient strength to resist the

hydraulic pressure. The
pumping plant, intended to

force the water 'thru the

tube, was accurately fig-

ured and designed and all

other particulars carefully

worked out. Only one
trifling detail, of no con-

sequence, was lightly dis-

mist. I assumed an arbi-

trary velocity of the water
and, what is more, took

pleasure in making it high,

thus arriving at a stupen-

dous performance sup-

ported by faultless calcu-

lations. Subsequent reflec-

tions, however, on the re-

sistance of pipes to fluid

flow detefmined me to

make this invention public

property.

Another one of my pro-

jects was to construct a
ring around the equator

which would, of course,

float freely and could be

arrested in its spinning

motion by reactionary

forces, thus enabling
(Continued on f^a/c 905)
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The Moon's Rotation

SINCE the appearance of my article

entitled the "Famous Scientific Illu-

sions" in your February issue, I have
received a number of letters criticiz-

ing the views I exprest regarding
the nioon's "axial rotation." These have
been partly answered by my state-

ment to the -Vcu' York Tribune of Feb-
ruarj- 23, which allow me to quote

:

In your issue of February 2. Mr.
Charles E. Manierre, commenting
upon my article in the Electrical

Exferimenler for February which
appeared in the Tribune of Janu-
arj' 26, suggests that I give a defi-

nition of axial rotation.

I intended to be explicit on this

point as may be judged from the
following quotation : "The unfail-

ing test of the spinning of a mass
is, however, the existence of energy
of motion. The moon is not posest
of such vis viva." By this I meant
that "axial rotation" is not simply
"rotation upon an axis nonchalantly
defined in dictionaries, but is a cir-

cular motion in the true physical

sense—that is, one in which half
the product of the mass with the
square of velocity is a definite and
positive quantity. The moon is a
nearly spherical body, of a radius
of about 1,087.5 miles, from which
I calculate its volume to be approx-
imately 5,300,216.300 cubic miles.

Since its mean density is 3.27, one
cubic foot of material composing
it weighs close on 205 lbs. Accord-
ingly, the total weight of the satel-

lite is about 79,969,000,000,000,000,000,

and its mass 2,483,500,000,000.000,000
terrestrial short tons. Assuming that

the moon does physically rotate upon
its axis, it performs one revolution in

27 days, 7 hours, 43 minutes and 11 sec-

onds, or 2,360,591 seconds. If, in con-
formity with mathematical principles,

we imagine the entire mass concen-
trated at a distance from the center
equal to two-fifths of the radius, then
the calculated rota-

tional velocity is 3.04 ^^^^^^^^^
feet per second, at

which the globe
would contain 11,-

474,000,000,000,000,OOC

short foot tons of
energy sufficient
to run 1,000,000,000
horsepower for a
period of 1,323 years.

Now, I say, that there

is not enough of that
energy in the moon
to run a delicate
watch.

In astronomical
treatisies usually the
argument is advanced
that "if the lunar
globe did not turn
upon its axis it would
expose all parts to

terrestrial view. As
only a little over one-
half is visible it must
rotate." But this in- ^^^^^^^_^_
ference is erroneous, ^^"^^^^^"^^
for it only admits of
one alternative. There are an infinite

number of axis besides its own in each

of which the moon might turn and still

exhibit the same peculiarity.

I have stated in my article that the

moon rotates about an axis passint? thru

the center of the earth, w-hich is not

strictly true, but it does not vitiate the

By NIKOLA TESLA
conclusions I have drawn. It is well

known, of course, that the two bodies
revolve around a common center of
gravity, which is at a distance of a
little over 2,899 miles from the earth's

center.

If You still Think That the Moon Rotates on Its Axis,
Look at This Diagram and Follow Closely the Successive
Positions Taken by One of the Balls M XA/hile It Is Ro-
tated by a Spoke of the Wheel. Substitute Gravity for
the Spoke and the Analogy Solves the Moon Rotation

Riddle.

Another mistake in books on astron-

omy is made in considering this motion
equivalent to that of a weight whirled

on a string or in a sling. In the first

place there is an essential difference be-

tween these two devices tho involving

the same mechanical principle. If a
metal ball, attached to a string, is

whirled around and the latter breaks,

an axial rotation of the missile results

which is definitely related in magnitude

rE believe the accompanying illustration and its explanation

will dispel all doubts as to whether the moon rotates on its

axis or not. Each of the balls, as M, depicts a different position

of, and rotates exactly like, the moon keeping always the same
face turned towards the center O, representing the earth.

But as you study this diagram, can you conceive that any of

the balls turn on their axisy Plainly this is rendered physically

impossible by the spokes. But if you are .'still unconvinced,

Mr. Tesla's experimental proof will surely satisfy you. A body

rotating on its a.xis must contain rotational energy. Now it is a

fact, as Mr. Tesla shoivs, that no such energy is imparted to the

ball as, for instance, to a projectile discharged from a gun. It is

therefore evident that the moon, in which the gravitational at-

traction is substituted for a spoke, cannot rotate on its axis or, in

other words, contain rotational energy. If the earth's attraction

would suddenly cea-ie and cause it to fly off in a tangent, the

moon would have no other energy except that of translatory

movement, and it would not spin like the ball.—Editor.

and direction to the motion preceding.

By way of illustration—if the ball is

whirled on the string clockwise ten

times per second, then when it flies off,

it will rotate on its axis ten times per

second, likewise in the direction of a
clock. Quite different are the condi-

tions when the ball is thrown from a

sling. In this case a much more rapid
rotation is imparted to it in the of'po-

sitc sense. There is no true analogy to

these in the motion of the moon. //
the graz'itatioiial string, as it zvere,

n'ould snap, the satellite would go oif

in a tangent zvitlwut the slightest

szcerzting or rotation, for there is

no motnent about the axis and,
consequently, no tendency whatever
to spinning motion.

Mr. Manierre is mistaken in his

surmise as to what would happen i£

the earth were suddenly eliminated.

Let us suppose that this would oc-

cur at the instant when the moon
is in opposition. Then it would
continue on its eliptical path around
the sun, presenting to it steadily

the face which was always exposed
to the earth. If, on the other hand,
the latter would disappear at the

moment of conjunction, the moon
would gradually swing around thru
180° and, after a number of oscilla-

tions, revolve, again with the same
face to the sun. In either case
there would be no periodic changes
but eternal day and night, respec-

tively, on the sides turned towards,
and away from, the luminary.
Some of the arguments advanced

by the correspondents are ingenious
and not a few comical. None, how-
ever, are valid.

One of the writers imagines the
earth in the center of a circular or-
bital plate, having fixedly attached
to its periperal portion a disk-shaped

moon, in frictional or geared engagement
with another disk of the same diameter and
freely rotatable on a pivot projecting from
an arm entirely independent of the plane-
tary system. The arm being held continu-
ously parallel to itself, the pivoted disk, of
course, is made to turn on its axis as the
orbital plate is rotated. This is a well-

known drive, and the rotation of the

pivoted disk is as palpable a fact as that

of the orbital plate. But, the moon in this

model only revolves
^^^^^^^^^^H about the center of the

system withottt the

slightest angular dis-

placement on its own
axis. The same is true
of a cart-wheel to

which this writer re-

fers. So long as it ad-
vances on the earth's

surface it turns on the

axle in the true physi-
cal sense ; when one of
its spokes is always
kept in a perpendicular
position the wheel still

r c V o Ives about the

e a r t h's center, but
axial rotation has
ceased. Those who
think that it then still

exists are laboring un-
der an illusion.

An obvious fallacy

is involved in the fol-

lowing abstract rcason-
iiig. The orbital plate

^^^^^^^^^^^" is assumed to gradually
shrink, so that finally the

centers of the earth and the satellite coin-

cide when the latter revolves simultaneously
about its own and the earth's axis. We may
reduce the earth to a matliematical point

and the distance between the two planets to

the radius of the moon without affecting the

system in principle, but a further diminution

of the distance is mani- {Cont. on p, 892)
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The Moon's Rotation
(Continued f.

festly absurd and of no bearing on the

question under consideration.
Ill all the coninimiications 1 have received,

tho different in the manner of presentation,
the successive changes of position in space
are mistaken for axial rotation. So, for in-

stance, a positive refutation of my argu-
ments is found in the observation that the

moon exposes all sides to other planets

!

It revolves, to be sure, but none of the

evidences is a proof that it turns on its

axis. Even the well-known experiment
with the Foucault pendulum, altho exhib-
iting similar phenomena as on our globe,

would merely demonstrate a motion of the
satellite about smiic axis. The view 1 have
advanced is XOT B.^SED ON A THE-
ORY but on facts dciiionstrahh by c.rf'cri-

vicnt. It is not a matter of definition as

some would have it. A MASS REVOLV-
IXG OX ITS AXIS MUST BE POSEST
OF MOMENTUM. If it has none, there
is no axial rotation, all appearances to the

contrary notwithstanding.
.•\ few simple rertections based on well

establisht mechanical principles will make
this clear. Consider tirst the case of two
equal weights if and Wi, in Fig. 1, whirled
about the center O on a string .s as shown.
-\ssuming the latter to break at a both
weights will fly off on tangents to their

circles of gyration, and, being animated
with different velocities, they will rotate

around their common center of gravity o.

If the weights are whirled is times per sec-

ond then the speed of the outer and the

inner one will be, respectively, V ^ 2
( R + /•) n and Vi :^ Z'^(R — r) n, and the

ditTerence (' — I'l ^ 4iT r n, will be the

length of the circular path of the outer
weight. Inasmuch, however, as there will

be equalization of the speeds until the mean
F — F.

value is attained, we shall have =
2

2'^rn = 2'i'rN, X being the number of
revolutions per second of the weights
around their center of gravity. Evidently
then, the weights continue to rotate at the

original rate and in the same direction. I

know this to be a fact from actual ex-
periments. It also follows that a ball, as

that shown in the figure, will behave in a
similar manner for the two half-spherical

masses can be concentrated at their centers

of gravity and in and )»i, respectively,

which wili be at a distance from o equal to

^'8 '•
. . .

This being understood, miagine a number
of balls ^1/ carried by as many spokes ,S"

radiating from a hub //. as illustrated in

Fig. 2, and let this system be rotated n
times per second around center O on fric-

tionless bearings. A certain amount of

work w'ill be required to bring the struc-

ture to this speed, and it will be found that

it equals exactly half the product of the

masses with the square of the tangential

velocity. Now if it be true that the moon
rotates in reality on its axis this must also

hold good for EACH of the balls as it per-

forms the same kind of movement. There-
fore, in imparting to the system a given

velocity, energy must have been used up in

the axial rotation of the balls. Let .1/ be the

mass of one of these and A' the radius of

g>Tation. then the rotational energy will be

E — YzM (Z-TRnY. Since for one com-
plete turn of the wheel every ball makes
one revolution on its axis, according to

the prevailing theory, the energy of axial

rotation of each ball will be c = YiM
iZ'if r,n)', n being the radius of gyration

about the axis and equal to 0.6325 r. We
can use as large balls as we like, and so

make c a considerable percentage of E and
yet, it is positively established by experi-

ment that each of the rotating balls contain

only the energy E, no power whatever being

ram page 866

J

consumed in the supposed axial rotation,
which is, consequently, wholly illusionaryj
Something even more interesting may, how-
ever, be stated. As I have shown before,
a ball flying off will rotate at the rate of
the wheel and in the same direction. But
this whirling motion, unlike that of a pro-
jectile, neither adds to, nor detracts from,
the energy of the translatory movement
which is exactly equal to the work con-
sumed in giving to the mass the observed
velocit)-.

From the foregoing it will be seen that
in order to make one physical revolution on
its a.xis the moon should Iiave twice its

present angular velocity, and then it would
contain a quantity of stored energy as given
in my above letter to the New York '^ih-
une. on the assumption that the radi' s of
gyration is 2/5 that of figure. This, of
course, is uncertain, as the distribution of
density in the interior is unknown. But
from the character of motion of the satel-

lite it may be concluded with certitude that
it is dez'oid of momentum about its axis.

If it be bisected by a plane tangential to the

Diagram illustrating the Rotation of Weights
Thrown Off By Centrifugal Force.

orbit, the masses of the two halves are
inversely as the distances of their centers
of gravity from the earth's center and,
therefore, if the latter were to disappear
suddenh', no axial rotation, as in the case
of a weight thrown off, would ensue.

WHAT IS MAN?
.\ man weighing 150 pounds will contain

appro.ximatelj- 3,500 cubic feet of gas,

—

oxygen, hj-drogen and nitrogen in his con-
stitution, which at eighty cents per thousand
cubic feet would be worth $2.80 for illumi-

nating purposes. He also contains all the

necessary fats to make a 15-pound candle,

and thus, together with his 3,500 cubic feet

of gases, he possesses considerable illumi-

nating possibilities. His system contains
22 pounds and ten ounces of carbon, or
enough to make 780 dozen, or 9,360 lead

pencils. There are about fifty grains of
iron in his blood and the rest of the body
would supply enough of this metal to make
one spike large enough to hold his weight.
.\ healthy man contains 54 ounces of phos-
phorus. This deadly poison would make
800,000 matches, or enough poison to kill

five hundred persons. This, with two ounces
of lime, make the stiff bones and brains.

No difference how sour a man looks, he
contains about 60 lumps of sugar of the

ordinary cubical dimensions, and to make
the seasoning complete, there are 20 spoon-
fuls of salt. If a man were distilled into

water, he would make about 38 quarts, or
more than half his entire weight. He also

contains a great deal of starch, chlorid of
potash, magnesium, sulfur, and hydro-
chloric acid in his wonderful human sys-

tem.
Break the shells of 1,000 eggs into a huge

pan or basin, and you have the contents

to make a man from his toe-nails to the

most delicate tissues of his brain. And this

is tlie scientific answer to the question,

"What is Man?"

Yon benefit by mentioning lite "Electrical Exfcrimentey" when writing to advertisers.
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teresting incident. He wished to make the

apparition of a young lady appear to a heu-
tenaiit hving several miles away. At the

time of the experiment a visitor happened
to 1)6 with the lieutenant, who i.s said to

have seen the apparition also. Many in-

stances are recorded in which persons were
hypnotized at some distance. AH of these

phenomena can be easily explained by the

brain wufc theory.

Besides the transference oT thought, both
sympathy and alYection may be the out-

growth of these radiations from the brain.

Whether our capacity for the reception of

these impulses is increasing with the evolu-

tion of man, cannot be ascertained directly.

It would seem probable, however, that with
our increase in education and civilization

that a conscious use of this thought
taiiiiuage may be found. Who knows but
that the man of the future may find a prac-
tical application for this radiation from the

brain, and a higher and more delicately

made creature may result who would effect

mutual understanding by means of this-

marvelous and as yet but little understood
[•sychical actk'ity.

MY INVENTIONS
(^Continued from page 86S)

travel at a rate of about one thousand miles

an hour, impracticable by rail. The reader

will smile. The plan was difficult of exe-
cution, I will admit, but not nearly so bad
?.s that of a well-known New York pro-
fessor, who wanted to pump the air from
the torrid to the temperate zones, entirely

forgetful of the fact that the Lord had pro-

vided a gigantic machine for this very

purpose.

Still another scheme, far more important
and attractive, was to derive power from
the rotational energy of terrestrial bodies. I

had discovered that objects on the earth's

surface, owing to the diurnal rotation of the

globe, are carried by the same alternately in

and against the direction of translatory

movement. From this results a great change
in momentum which could be utilized in

the simplest imaginable manner to furnish

motive eflfort in any habitable region of the

world. I cannot find words to describe my
disappointment when later I realized that

I was in the predicament of Archimedes,
who vainly sought for a fixt point in the

universe.

At the termination of my vacation I was
sent to the Polytechnic School in Gratz,

Styria. which my father had chosen as one
of the oldest and best reputed institutions.

That was the moment I had eagerly await-

ed and I began my studies under good
auspices and firmly resolved to succeed.

My previous training was above the aver-
age, due to my father's teaching and oppor-
tunities afforded. I had acquired the knowl-
edge of a number of languages and waded
thru the books of several libraries, picking

up information more or less useful. Then
again, for the first time, I could choose my
subjects as I liked, and free-hand drawing
was to bother me no more. I had made
up my mind to give my parents a sur-

prise, and during the whole first year I

regularly started my work at three o'clock

in the morning and continued until eleven

at night, no Sundays or holidays excepted.
As most of my fellow-students took things
easily, naturally enough I eclipsed all rec-

ords. In the course of that year I past
thru nine exams and the professors
thought I deserved more than the highest
qualifications. Armed with their flattering

certificates, I went home for a short rest,

expecting a triumph, and was mortified

when my father made light of these hard-
won honors. That almost killed my ambi-
tion ; but later, after he had died, I was
pained to find a package of letters which

(Continued on page 907)
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MY INVENTIONS.
(Continued from page 90S)

the professors had written him to the effect

that unless he took me away from the In-

stitution I would be killed thru overwork.
Thereafter I devoted myself chiefly to phys-

ics, mechanics and mathematical studies,

spending the hours of leisure in the libra-

ries. I had a veritable mania for finishing

whatever I began, which often got me into

difficulties. On one occasion I started to

read the works of Voltaire when 1 learned,

to my dismay, that there were close on one
hundred large volumes in small print which
that monster had written while drinking
seventy-two cups of black coffee per diem.
It had to be done, but when I laid aside the

last book I was very glad, and said, "Never
mere!"
My first year's showing had won me the

appreciation and friendship of several pro-

fessors. Among these were Prof. Kogner,
who was teaching arithmetical subjects and
geometry; Prof. Poeschl, who held the

chair of theoretical and experimental phys-
ics, and Dr. Alle, who taught integral cal-

culus and specialized in differential equa-
tions. This scientist was the most brilliant

lecturer to whom I ever listened. He took
a special interest in my progress and would
frequently remain for an hour or two in the

lecture room, giving me problems to solve,

in which I delighted. To him I explained a

flying machine I had conceived, not an illu-

sionary invention, but one based on sound,
scientific principles, which has become real-

izable thru my turbine and will soon be
given to the world. Both Professors Rogner
and Poeschl were curious men. The former
had peculiar ways of expressing himself
and whenever he did so there was a riot,

followed by a long and embarrassing pause.
Prof. Poeschl was a methodical and thoroly
grounded German. He had enormous feet

and hands like the paws of a bear, but all

of his experiments were skillfully per-

formed with clock-like precision and with-
out a miss.

It was in the second year of my studies

that we received a Gramme dynamo from
Paris, having the horseshoe form of a lami-
nated field magnet, and a wire-wound arma-
ture with a commutator. It was connected
up and various effects of the currents were
shown. While Prof. Poeschl was making
demonstrations, running the machine as a
motor, the brushes gave trouble, sparking
badly, and I observed that it might be pos-
sible to operate a motor without these appli-

ances. But he declared that it could not be
done and did me the honor of delivering a
lecture on the subject, at the conclusion of
which he rem^.rked : "Mr. Tesla may ac-
complish great things, but he certainly never
will do this. It would be equivalent to

converting a steadily pulling force, like that
of gravity, into a rotary effort. It is a
perpetual motion scheme, an impossible
idea." But instinct is something which
transcends knowledge. We have, undoubt-
edly, certain finer fibers that enable us to

perceive trutlis when logical deduction, or
any other willful effort of the brain, is

futile. For a time I wavered, imprest by
the professor's authority, but soon became
convinced I was right and undertook the
task with all the fire and boundless confi-
dence of youth.

I started by first picturing in my mind a
direct-current machine, running it and fol-

lowing the changing flow of the currents in

the armature. Then I would imagine an
alternator and investigate the processes tak-
ing place in a similar manner. Next I

would visualize systems comprising motors
and generators and operate them in various
ways. The images I saw were to me per-
fectly real and tangible. All my remaining
term in Gratz was past in intense but fruit-
less efforts of this kind, and I almost came
to the conclusion that the problem was in-

solvable. In 1880 I went to Prague, Bo-
hemia, carrying out my father's wish to

complete my education at the University
there. It was in that city that I made a

decided advance, which consisted in detach-
ing the commutator from the machine and
studying the phenomena in this new aspect,

but still without result. In the year follow-
ing there was a sudden change in my views
of life. I realized that my parents had
been making too great sacrifices on my ac-

count and resolved to relieve them of the
burden. The wave of the American tele-

phone had just reached the European con-
tinent and the system was to be installed in

Budapest, Hungary. It appeared an ideal

opportunity, all the more as a friend pf our
family was at the head of the enterprise.

It was here that I suffered the complete
breakdown of the nerves to which I have
referred. What I experienced during the
period of that illness surpasses all belief.

My sight and hearing were always extraord-
inary. I could clearly discern objects in

the distance when others saw no trace of
them. Several times in my boyhood I saved
the houses of our neighbors from fire by
hearing the faint crackling sounds which
did not disturb their sleep, and calling for
help.

In 1899, when I was past forty and carry-
ing on my experiments in Colorado, I could
hear very distinctly thunderclaps at a dis-
tance of 550 miles. The limit of audition for
my young assistants was scarcely more than
l.SO miles. My ear was thus over thirteen
times more sensitive. Yet at that time I was,
so to speak, stone deaf in comparison with
the acuteness of my hearing while under
the nervous strain. In Budapest I could
hear the ticking of a watch with three
rooms between me and the time-piece. A
fly alighting on a table in the room would
cause a dull thud in my ear. A carriage
passing at a distance of a few miles fairly
shook my whole body. The whistle of a
locomotive twenty or thirty miles away
made the bench or chair on which I sat vi-
brate so strongly that the pain was unbear-
able. The ground under my feet trembled
continuously. I had to support my bed on
rubber cushions to get any rest at all.

The roaring noises from near and far often
produced the effect of spoken words which
would have frightened me had I not been
able to resolve them into their accidental
components. The sun's rays, when periodi-
cally intercepted, would cause blows of such
force on my brain that they would stun me.
I had to summon all my will power to pass
under a bridge or other structure as I ex-
perienced a crushing pressure on the skull.

In the dark I had the sense of a bat and
could detect the presence of an object at a
distance of twelve feet by a peculiar creepy
sensation on the forehead. My pulse varied
from a few to two hundred and sixty beats
and all the tissues of the body with twitch-
ings and tremors which was perhaps the
hardest to bear. A renowned physician who
gave me daily large doses of Bromid of
Potassium pronounced my malady unique
and incurable. It is my eternal regret that
I was not under the observation of experts
in physiology and psychology at that time.
I clung desperately to life, but never ex-
pected to recover. Can anyone believe that
so hopeless a physical wreck could ever
be transformed into a man of astonishing
strength and tenacity, able to work thirty-
eight years almost without 'a day's interrup-
tion, and find himself still strong and fresh
in body and mind? Such is my case.

A' powerful desire to live and to con-
tinue the work, and the assistance of a
devoted friend and athlete accomplished the
wonder. My health returned and with it the
vigor of mind. In attacking the prolilem
again I almost regretted that the struggle
was soon to end, I had so much energy to

spare. When i undertook the task it was
not with a resolve such as men often make.
With me it was a sacred vow, a question of
life and death. I knew that I would perish
if I failed. Now I felt that the battle

{Continued on page 909)
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MY INVENTIONS.
(CoiitiiiiiCil from ('age 907)

was won. Back in the deep recesses of the

brain was the sohition, but I could nut yet

give it outward expression. One afternoon,

which is ever present in my recollection, I

was enjoying a walk with my friend in the

City Park and reciting poetry. At that age

1 knew entire books by heart, word for word.
One of these was Goethe's "Faust." The
sun was just setting and reminded me of the

glorious passage

:

"Sic riickt und zvclcht, der Tag ist iibcrlchf,

Dort I'ilt sic hill und fiirdert ncucs Lcbcn.
Oh, dass kcin I^'liiijcl mich vom Bodcn hcbt

Ihr nach und immcr nach zu strchcn!********
Ein schijner Traum indcsscn sic cntwcicltl.

Ach, zu dcs Gcislcs fliigcln ivird so Icicht

Kcin kiirfcrliclicr FUigcl sich gcscllcn!"'\

As I uttered these inspiring words the idea

came like a flash of lightning and in an in-

stant the truth was revealed. I drew with

a stick on the sand the diagrams shown six

years later in my address before the Amer-
ican Institute of Electrical Engineers, and
my companion understood them perfectly.

The images I saw were wonderfully sharp
and clear and had the solidity of metal and
stone, so much so that I told him : "See
my motor here ; watch me reverse it." I

cannot begin to describe my emotions. Pyg-
malion seeing his statue come to life could

not have been more deeply moved. A thou-
sand secrets of nature which I might have
stumbled upon accidentally I would have
given for that one which I had wrested
from her against all odds and at the peril of

my existence.
* "The glow retreats, done is the day of toil;

It yonder hastes, new fields of life exploring;
.\h. that no wing can lift me from the soil.

Upon its track to follow, follow soaring!"

t A glorious dream! though now the glories fade.
Alas! the wings that lift the mind no aid
Of wings to lift the body can bequeath me."

TESLA ON HIGH FREQUENCY
GENERATORS.

Editor, Electric-XL E.xperimenter :

It is to be regretted that a letter addrest
to me by Mr. J. Harris Rogers, in your care,

was published in the march number of the

Elf.ctric.'\l Experimenter, altho the concur-
rence of our views in some wireless fea-

tures might have made this desirable to so
wide-awake and enterprising a periodical as

yours.

Mr. Rogers seems to be a very apprecia-
tive gentleman and nothing would be farther
from my thoughts than to detract anything
from his merit, but in a separate contribu-
tion, which I expect to prepare for your
next issue, I shall express myself on this

subject without prejudice and in the inter-

est of truth. However, the article by your
Mr. H. Winfield Secor on "America's Great-
est War Invention—The Rogers Under-
ground Wireless" contains a reference to "a
novel and original high frequency gener-
ator" of Mr. Rogers' invention. May I not
^to use the President's elegant expression
—call attention to the fact that this device
was described by me years ago, as will

be evident from the following excerpt of a
communication which appeared in the Elec-
trical Review of March 15, 1899. In speak-
ing of circuit controllers. I said: "I may
mention here, based on a different principle,

which is incomparably more effective, more
efficient, and also simpler on the whole. It

comprises a fine stream of conducting fluid

which is made to issue, with any desired
speed, from an orifice connected with one
pole of a generator, thru the primary of
the induction coil, against the other terminal
of the generator placed at a small distance.
This device gives discharges of a remark-
able suddenness, and the frequency may be

(Continued on page 914)
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Acetylene Bunsen Burner.

(313) Richard E. Mathes. Excelsior, Minn.,
writes: "I have devised a scheme whereby an
acet>'lene gas plant for bunsen burners and gas in
a small chemical laboratory may be installed at
very low cost. This is meant especially for the
amateur who does not have gas in his home. Is
this practical? Could I sell a patent for it? If so,
what would it be worth? Could I use an ordinary
bunsen burner as part of the patent without in-
fringement ?"

A. We see nothing fundamentally new about
this idea, as burners of this kind have been used
for years, and such a device is well known in the
art. We are quite positive that a patent could not
be obtained upon it.

Double Lock.

(313) Chas. H. Morgan, Newton, Iowa, sends in
an idea on a Double Hasp Lock which can be
operated from both sides of the door. He wants
to know if this device can be patented.

A. We see nothing fundamentally new in this,
and furthermore doubt the utility of the device.
We also doubt if a patent can be obtained on it.

Envelope.

(314) Jose Mata, San Francisco. Cal.. submits a
sample of an envelope. He wishes us to give him
our advice if such an envelope could be patented
and if it is feasible. As will be noted, a string
with a knot at each end is glued into the envelope
when made.

A. This is a good idea but it is not new.
Similar devices have been on the market for a long
time, and some years ago very many magazines
used a string of this kind to open up the mailing
wrapper, simply by having a thread incorporated
into the magazine wrapper. This thread was pulled
in a similar fashion as the string of our corre-
spondent's envelope. We are positive no patent
can be obtained on this device.

Automatic Fuse Replacer.

(315) W'm. Sambur. New York City, says: "I
would like to know if an automatic fuse replacer
which instantly inserts new fuses after extracting
burnt out fuses would be patentable. This device
could be manufactured at a cost of $3.00. Would
this be a good selling article? I await inxiously
the next issue of the Electrical Experimenter
for my answer."

A. Without having the necessary details, it is
impossible for us to give advice. Correspondents
should bear in mind that merely by giving vague
indications, it is extremely dangerous for us to give
advice as well as for correspondents to accept it.

Smoke Stack.

(316) Walter A. Buckheim. Boulder, Colo., asks
us: "Please let me know thru your magazine if

the following idea is patentable. It is desired to
construct a chimney or factory smoke stack with
ritles or vanes which will impart a rotary motion
to the escaping gases. In forced draft plants the
gases can be given a rotary motion by mechanical
means. In this way a miniature whirlwind will be
created which will hold the gases in a narrow col-

umn and carry them to a great height, where es-
pecially, if they are poisonous, they will be out of
everyone's way. The gases will in effect pass thru
a chimney made of air."

A. This is a clever idea, but it has one great
fault, namely, it won't work. No matter what
arrangement were used and even if you were to
expend 10,000 H. P. to push the gases out of the
smoke stack, if a moderately strong wind was
blowing the gases would positively be forced side-
wise, and if the wind was blowing earthward, the
gases in this case would be blown earthward too.
You cannot hope to raise a gaseous column into
the air and prevent its swaying sidewise by any
known means. For this reason smelters and
chemical industries having to do with poisonous
gases build their chimneys as high as possible.
There are some cases known where a chimney has
actually been laid up the side of a moderate moun-
tain in order to let the gases escape at the top as
far away from human habitation as possible.

Radio Break-In System.

(317) C. E. Mitchell. Miami, Fla., submits for
our advice the following idea: "I have a break-in
system for use in wireless telegraphy that does
away with anchor gaps and other troublesome ap-
paratus used in break-in systems. It consists of
the ordinary heavy wireless key. with an attach-
ment at the rear, working something similar to a
compound lever. When the key is raised the an-
lenna is connected to the receiver, the detector un-
shortcd, and circuit to power transformer opened.
In this manner the receiver is alwa>;s in a receptive
condition at the instant the key is raised. The
idea provides for an extension in length to the or-
dinary wireless key and may be installed in any
circuit with ease and does not hamper the pressure
adjustment of the key. This means of break-in will
prevent considerable interference and loss of time.

A. This is not at all a new idea and the Patent
Office is full of break-in systems of this kind. A
great many similar ones nave been described in
the past volumes of the Electrical Experimenter.
Many of these systems are very good, as is our cor-
respondent's, and many are actually in use, par-
ticularly amateurs seem to like them.

NEW PULL SOCKET HAS CUR-
RENT TAP.

In many cases it is desirable to connect
an electrical appliance to a single-lamp
wall bracket or ceiling fixture without in-
terfering with the lamp. A very conven-
ient way for doing this has been provided
by means of the new pull socket current
tap illustrated. It is a combination pull
socket and plug receptacle built into a single
compact body. It is also supplied witli a
%". Vi", %" or pendent cap. The pull chain
controls the current to the lamp socket
proper, whereas the terminals of the re-
ceptacle in the side of the body are con-
tinuously in circuit.

An advantage that this type of socket
gives is that it eliminates the annoyance of
the long cord running from side-wall out-
lets. By means of the new fitting, current
can be supplied directly below the fixture

to operate various table
appliances or other por-
table devices such as are

J

in general use, without
I
sacrificing the use of light
[from the lamp itself. It

thus eliminates the annoy-
ance of groping about in
the dark while trying to
plug into the socket.

aeronautical exposition at
NEW YORK.

Army Day at the Aeronautical Exposition
in Madison Square Garden and the 69th
Regiment .Armory, New York City, brought
several thousand uniformed spectators at
the afternoon and evening sessions. Secre-
tary of War Newton D. Baker was to have
been the guest of honor, but at the last

minute he notified the officials of the ex-
position that he had been summoned by the
President for a conference. Major Gen-
eral Thomas Barry, Commandant of the
Department of the East, accompanied by
members of his staflf, represented the Sec-
retary of War.
At the wireless telephone exhibit in the

69th Regiment Armory, Lieutenant J. F.
Adams entertained the spectators by read-
ing news from a daily newspaper to ships
in the harbor and places on land equipt
with apparatus. The spectators, by means
of a sounding horn, were able to hear the
answers he received.

Brigadier General Guy Livingston, who
represented tlie British Air Ministry in this

country, was an interested spectator at the
afternoon session. He said that he be-

lieved the Atlantic would be crost by air-

plane or dirigible within the next two or
three months.

TESLA ON HIGH FREQUENCY
GENERATORS.

{Continued from page 909)

brought within reasonable limits, almost
to anything desired. I have used this de-
vice for a long time in connection with or-
dinary coils and in a form of my own coil

with results greatly superior in every re-

spect to those obtainable with the form of
your letter, make a few statements referring
to such make-and-break devices in general,
and various forms based on this new prin-

ciple."

I may add that a great many forms of
this apparatus were constructed and em-
ployed by me for a long time, proving very
convenient and useful. Water does not give
particularly good results, being incapable of
causing very abrupt changes, but electro-

lytes have the property of diminishing enor-
mously in resistance when they are heated
and the effects are much more intense.

Salts of lithium are especially efficient.

NIKOLA TESLA.
New York, February 20, 1919.
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EDITORIAL

Practlacal Science
{HE wonderful age in which we are living

has never been paralleled in history. We
have more comforts, more conveniences,

more of everything than human beings

ever had, since the creation of the world.

Nevertheless, our lives become more and
more complex, as time rolls on, while the

average human being becomes more perplexed at the

strange surroundings in which he finds himself.

Our electro-mechanical age brings forth new sur-

prises constantly, and he who does not know the rudi-

mentaries of mechanics, electricity and general physics

is like a blind man in a circus. He hears what is going

on, but all is meaningless to him—he cannot get the full

benefit of the performance.
Where humanity now finds itself surrounded by ma-

chines, and by electrical wires at every hand, it behooves

every man to know something about them. Thousands
of lives are lost even' year because laymen refuse to

learn a little about science in general. They get killed

because they fight short-circuits with water, when ten

minutes of study would have told them that water is a

conductor, and that a few handfuls of dry sand—which

is a non-conductor—would have saved the life, and the

house which burnt down due to the short-circuit. If

the father had told his boy that a wet rope is a good
conductor for electricity that boy would be alive today.

Instead, the boy threw the wet rope over the high ten-

sion line, while holding it in his hand, and was killed.

If the six hundred auto owners who were asphyxiated

last year—the casualties become larger each year—had
known a bit of chemistry, they, too, would be living to-

day. But they insisted upon running their engines in a

garage with closed doors, and unfortunately, you can't

smell carbon monoxid, even if it is deadly.

Then, too, hundreds of people perish in snow storms

every year quite unnecessarily. Usually they freeze to

death." The white man runs about in a frenzy when he

knows himself lost. He becomes overheated, and the

perspiration soaks his clothing. Finally he sinks down
into the snow, exhausted, and if it is cold enough he is

soon frozen stiff. Now Eskimos, who have learned a
bit of science by hard experience, prefer to live pleas-
antly thru the worst snowstorm, with the temperature
below zero. If the Eskimo becomes lost in the wilder-
ness he knows better than to run about aimlessly. He
promptly digs a cave into the snow, with the entrance
away from the wind, using only his hands for tools. In-
side of ten minutes he is safely ensconced in a com-
paratively warm shelter. He then closes up the entrance
almost entirely, sits down, drops his head on his knees,
and has a refreshing sleep. The next morning he digs
himself out, and is on his way.

If the writer had not known something about elec-
tricity, he, too, might not be here to write these lines.

As a boy he went down into an unoccupied cellar. The
wind blew the wooden door shut, locking him in, as the
iron latch was outside. The only other exit was an
open window hole barricaded w-ith stout iron rods,
thru which the wind roared. The temperature was be-
low zero. The cellar was empty, save for a few wooden
crates, the object of the visit. The cellar being distant
from the house and other habitations, the parents away,
and the caretaker off for the night, there was every pos-
sibility of his freezing to death. No tools to break down
the door, no matches to make a fire. But there was a
portable light, with two large electric dry cells in a
wooden box, which the writer had brought along to
light his way.
He unraveled the stranded electric cord and extracted

a single thin copper strand an inch long. With this he
short-circuited the dry cells. The wire became white
hot. A piece of paper was touched to it, which burst
into flame ; a broken piece of crate wood was ignited by
the flame, and a fire soon roared. A burning crate set
the cellar door on fire, and in ten minutes the adventure
had come to a close.

H. Gernsback.
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^OR a while I gave myself up entirely to the intense en-

joyment of picturing machines and devising new forms.

It was a mental state of happiness about as complete as I

have ever known in life. Ideas came in an uninterrupted

stream and the only difficulty I had was to hold them fast.

The pieces of apparatus I conceived were to me absolutely real and
tangible in every detail, even to the minutest marks and signs of

wear. I delighted in imagining the motors constantly running, for

in this way they presented to the mind's eye a more fascinating

sight. When natural inclination develops into a passionate desire,

one advances towards his goal in seven-league boots. In less than

two months I evolved virtually all the types of motors and modifi-

cations of the system which are now identified with my name. It

was, perhaps, providential that the necessities of existence com-
manded a temporary halt to this consuming activity of the mind.

I came to Budapest prompted by a premature report concerning the

telephone enterprise and,

as irony of fate willed it,

I had to accept a posi-

tion as draftsman in the

Central Telegraph Office

of the Hungarian Gov-
ernment at a salary
which I deem it my priv-

ilege not to disclose

!

Fortunately, I soon won
the interest of the In-

spector-in-Chief and was
thereafter employed on
calculations, designs and
estimates in connection

with new installations,

until the Telephone Ex-
change was started,

when I took charge of
the same. The knowl-

edge and practical expe-

rience I gained in the

course of this work was
most valuable and the

employment gave me
ample opportunities for

the exercise of my in-

ventive faculties. I made
several improvements in

the Central Station ap-

paratus and perfected a

telephone repeater or
amplifier which was
never patented or public-

ly described but would
be creditable to me even
today. In recognition of

my efficient assistance
the organizer of the un-

dertaking, Mr. Puskas,

upon disposing of his

business in Budapest, of-

fered me a position in

Paris which I gladly ac-

cepted.

Fig. 1—Tesla Oscillation Transformer (Tesla Coil) Presented by Lord Kelvin
Before the British Association in August. 1897. This Small and Compact Instru-
ment, Only 8 Inches High, Developed Two Square Feet of Streamers With Twenty-
Five Watts From the 110 Volt D. C. Supply Circuit. The Instrument Contains a

Tesla Primary and Secondary, Condenser, and a Circuit Controller.

Copyright. 1919. by E. P. Co. All rights reserved

Mr. Tcsla's articles started in our February issue

I never can forget the deep impression that magic city produced

on my mind. For several days after my arrival I roamed thru the

streets in utter bewilderment of the new spectacle. The attractions

were many and irresistible, but, alas, the income was spent as soon

as received. When Mr. Puskas asked me how I was getting along

in the new sphere, I described the situation accurately in the state-

ment that "the last twenty-nine days of the month are the tough-

est!" 1 led a rather strenuous life in what would now be termed

"Rooseveltian fashion." Every morning, regardless of weather, I

would go from the Boulevard St. Marcel, where I resided, to a

bathing house on the Seine, plunge into the water, loop the circuit

twenty-seven times and then walk an hour to reach Ivry, where

the Company's factory was located. There I would have a wood-
chopper's breakfast at half-past seven o'clock and then eagerly

await the lunch hour, in the meanwhile cracking hard nuts for the

Manager of the Works, Mr. Charles Batchellor, who was an in-

timate friend and assist-

ant of Edison. Here I

was thrown in contact

with a few Americans

who fairly fell in love

with me because of my
proficiency in—billiards.

To these men I explained

my invention and one of

them, Mr. D. Cunning-

ham, Foreman of the

Mechanical Department,

offered to form a stock

company. The proposal

seemed to me comical in

the extreme. I did not

have the faintest concep-

tion of what that meant

except that it was an

American way of doing

things. Nothing came of

it, however, and during

the next few months I

had to travel from one

to another place in

France and Germany to

cure the ills of the pow-
er plants. On my return

to Paris I submitted to

one of the administra-

tors of the Company,
Mr. Rati, a plan for im-

proving their dynamos
and was given an oppor-

tunity. My success was
complete and the de-
lighted directors ac-
corded me the privilege

of developing automatic

regulators which were
much desired. Shortly

after there was some
trouble with the lighting

plant which has been in-

stalled at the new rail-
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iburg, AJ

on tli' a wall

was blown out thru ircuil right in the
|

of old

; eror William I The Germai ed to take

the plant and the French Companj was

know ledge of thi < ierman Ian

ted

with the difficult task of

ut matters
and earl) in 1883 I went to

Strassburg on that mission.

The First Induction Motor Is

Built.

Some of the incidents in

that city have left an indel-

ible record on m
By a curious coincide

number of men who subse-

quently achieved fame, lived

there about that time. In

later life I used to say,

"There were bacteria of

greatness in that old town.

Others caught the disease

but I escaped !" The prac-

tical work, correspondence.

and conferences with offi-

cials kept me preoccupied

day and night, but as soon

as I was able to manage I

undertook the construction

of a simple motor in a me-
chanical shop opposite the

railroad station, having

brought with me from
Paris some material for that

purpose. The consumma-
tion of the experiment was,

however, delayed until the

summer of that year when
I finally had the satisfaction

of seeing rotation effected

by alternating currents of

different phase, and without

sliding contacts or commu-
tator, as I had conceived a

year before. It was an ex-

quisite pleasure but not to

compare with the delirium

of joy following the

first revelation. —
Among my new-

friends was the for-

mer Mayor of the

city, Mr. Bauzin,
whom I had already

in a measure a c -

quaintcd with this and
other inventions of

mine and whose sup-

port I endeavored to

enlist. He was sin-

cerely devoted to me
and put my project

before several
wealthy persons but,

to my mortification,

found no response.
He wanted to help me
in every possible way ^^^^-^^™^^~»™^™^^^^™»«^^^
and the approach of the first of July, 1919, happens to remind me
of a form of "assistance" I received from that charming man.

which was not financial hut none the le^s appreciated. In 1870.

when the Germans invaded the country. Mr. Bauzin had buried a

good sized allotment of St. Estephe of 1801 and he came to the

Fig. 2—This Illustrates Tests With Spark Discharges From a Ball of Forty
Centimeters Radius in Tesla's Wireless Plant Erected at Colorado Springs
in 1899. The Bnll Is Connected to the Free End of a Grounded Resonant
Circuit Seventeen Meters in Diameter. The Disruptive Potential of a Ball,

Is. According to Tesla, in Volts Approximately V — 75,400 r (r Being in

Centimeters), That Is, In This Case 75.400 x 40 ~ 3.016,000 Volts. The
Gigantic Tesla Coil Which Produced These Bolts of Thor Was Capable of

Furnishing a Current of 1,100 Amperes in the High Tension Secondary. The
Primary Coil Had a Diameter of 51 Feet! This Tesla Coil Produced Dis-

charges Which Were the Nearest Approach to Lightning Ever Made by Man.

THE proverbial trials and tribulations known to every inventor were not spared Tesla,

the world's greatest inventor of all times. In this article we see him, arrived at

young manhood, struggling along in a cold world. Already his fame has spread far and

wide and his genius is recognized. Hut concertina genius and fame into dollars and
cents is quite a different matter, and the world is full of unapprecialive and unscrupu-

lous nipn. Tesla, the idealist, cared little for money and thus was promptly taken

advantage of. Hut let Tesla himself tell you in his own inimitable style. It is a wonder-

ful story.

In this month's installment Tesla also tells us hon he made one of his most important

as well as sensational discoveries —the Tesla Coil. Ten inventions have caused such a

sensation as this one which culminated in the only man-made lightning ever produced.

The Tesla coil has so many uses and has been built in so many styles that it would take

a catalog to list them all. From the spectacular high frequency stunts on the stage down
to the "violet" ray machine in your home; all are Tesla coils in one form or another.

Wireless without the Tesla Coil would not he possible today. Without an oscilla-

tion transformer, snarl; gap and condenser which is a Tesla Coil—the sending station

would be crippled.

Hut it is for industrial purposes where the Tesla Coil will shine brightest in the

future. The production of Ozone, the extraction of \itrogen from the air in huge
quantities—all are children of Tesla'S fertile brain. His coil is the key to them all.

EDITOR.

• i"ii thai ( u than ur> msume
thai pn e of the unforgettable

incidents t" which I h rred. Mj I
'turn

to Pal ek support th'
i

I was

anxious to do but my work and negotiate

to all ! at at tini'

situation seemed hopeless.

German "Efficiency".

an idea of

man thoroness and "ef-

ficiency," I may mention

her funny cxperi-

An incandescent lamp

of 16 c.p. was to be pli

in a hallway and upon se-

lecting the proper location I

red the monteur to run

the wires. After working

for a while he concluded

that the engineer had to be

consulted and this was done.

The latter made several ob-

jections but ultimately

agreed that the lamp should

be placed two inches from

the spot I had assigned,

whereupon the work pro-

ceeded. Then the engineer

became worried and told me
that Inspector Averdeck
should be notified. That im-

portant person called, inves-

tigated, debated, and decided

that the lamp should be

shifted back two inches,

which was the place I had

marked. It was not long,

however, before Averdeck

got cold feet himself and

advised me that he had in-

formed Ober-Inspcctor Hi-

eronimus of the matter and

that I should await his de-

cision. It was several days

before the Ober-Inspector

was able to free himself of

other pressing duties but at

last he arrived and a two-

hour debate followed,
^^ when he decided to

move the lamp two

inches farther. My
hopes that this was

the final act were shat-

tered when the Ober-

Inspector returned

and said to me : "Re-

gierungsrath Funke is

so particular that I

would not dare to give

an order for placing

this lamp without his

explicit approval."
Accordingly arrange-

ments for a visit from

that great man were

made. We started
cleaning up and pol-

^^^^^^^™^^^™^—™"^^™^^^"^™" ishine early in the

morning. Everybody brushed up, T put on my gloves and when
Funke came v itli his retinue he was ceremoniously received. After

two hours' deliberation he suddenly excla'roed: "I must be going,"

and pointing to a place on the ceiling, he ordered me
(Continued on page 64)
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EVER since the announcement of
Maxwell's electro-magnetic theory
scientific investigators all the world
over had been bent on its experi-
mental verification. They were con-

vinced that it would be done and lived in

an atmosphere of eager expectancy, un-

Alternator of 10,000 Cycles p.s.. Capacity 10
K.W., Which Was Employed by Tesla in His
First Demonstrations of High Frequency
Phenomena Before the American Institute of
Electrical Engineers at Columbia College,

May 20, 1891. Fig. 1.

usually favorable to the reception of any
evidence to this end. No wonder then that

the publication of Dr. Heinrich Hertz's re-

sults caused a thrill as had scarcely ever

been experienced before. At that ^^^^^
time I was in the midst of press-

ing work in connection with the

commercial introduction of my
system of power transmission,

but, nevertheless, caught the fire

of enthusiasm and fairly burned
with desire to behold the miracle

with my own eyes. According-
ly, as soon as I had freed myself
of these imperative duties and
resumed research work in my
laboratory on Grand Street, New
York, I began, parallel with
high frequency alternators, the

construction of several forms of
apparatus with the object of ex-
ploring the field opened up by
Dr. Hertz. Recognizing the lim-

itations of the devices he had
employed, I concentrated my at-

tention on the production of a
powerful induction coil but made
no notable progress until a happy
inspiration led me to the invention of the

oscillation transformer. In the latter part

of 1891 I was already so far advanced in

the development of this new principle that

I had at my disposal means vastly superior

titan frequency
rt/ternator
laOOQ cycles. ftdjustoblc condenser]

Leads to lecture room
Adjustable

nOuctanceprimary i.

Diagram Illustrating the Circuit Connections
and Tuning Devices Employed by Tesla in
His Experimental Demonstrations Before the
American Institute of Electrical Engineers
With the High Frequency Alternator Shown

in Fig. 1. Fig. 2.

to those of the German physicist. All my
previous efforts with Rhumkorf coils had
left me unconvinced, and in order to set-

tle my doubts I went over the whole ground
once more, very carefully, with these im-

proved appliances. Similar phenomena were
noted, greatly magnified in intensity, but
they were susceptible of a different and
more plausible explanation. I considered
this so important that in 1892 I went to

Bonn, Germany, to confer with Dr. Hertz
in regard to my observations. He seemed
disappointed to such a degree that I re-

gretted my trip and parted from him sor-

rowfully. During the succeeding years I

made numerous experiments with the same
object, but the results were uniformly nega-
tive. In 1900, however, after I had evolved
a wireless transmitter which enabled me
to obtain electro-magnetic activities of many
millions of horse-power, I made a last des-
perate attempt to prove that the disturb-
ances emanating from the oscillator were
ether vibrations akin to those of light, but
met again with utter failure. For more than
eighteen years I have been reading treat-
ises, reports of scientific transactions, and
articles on Hertz-wave telegraphy, to keep
myself informed, but they have always im-
prest me like works of fiction.

The history of science shows that theo-
ries are perishable. With every new truth
that is revealed we get a better under-
standing of Nature and our conceptions
and views are modified. Dr. Hertz did not
discover a new principle. He merely gave
material support to a hypothesis which had

/N this remarkable and complete story of his discovery of the

"True Wireless" and the principles upon which transmission

and reception, even in the present day systems, are based, Dr.
Nikola Tesla shoivs us that he is indeed the "Father of the Wire-
less." To him the Hertz ivave theory is a delusion; it looks sound
from certain angles, but the facts tend to prove that it is hollow
and empty. He convinces us that the real Hertz waves are blotted
out after they have traveled but a short distance from the sender.
It folloivs, therefore, that the measured antenna current is no indi-

cation of the effect, because only a small pact of it is effective at

a distance. The limited activity of pure Hertz wave transmission
and reception is here clearly explained, besides showing definitely
that in spite of themselves, the radio engineers of today are
employing the original Tesla tuned oscillatory system. He shows
by examples with different forms of aerials that the signals picked
up by the instruments must actually be induced by earth currents—
not etheric space waves. Tesla also disproves the "Heaviside layer"
theory from his personal observations and tests.

EDITOR.

been long ago formulated. It was a per-
fectly well-established fact that a circuit,

traversed by a periodic current, emitted
some kind of space waves, but we were in

ignorance as to their character. He ap-
parently gave an experimental proof that
they were transversal vibrations in the
ether. Most people look upon this as his
great accomplishment. To my mind it

seems that his immortal merit was not so
much in this as in the focusing of the in-

vestigators' attention on the processes tak-
ing place in the ambient medium. The
Hertz-wave theory, by its fascinating hold
on the imagination, has stifled creative ef-

fort in the wireless art and retarded it for
twenty-five years. But, on the other hand,
it is impossible to over-estimate the bene-
ficial effects of the powerful stimulus it

has given in many directions.

As regards signaling without wires, the

application of these radiations for the pur-
pose was quite obvious. When Dr. Hertz
was asked whether such a system would
be of practical value, he did not think so,

and he was correct in his forecast. The
best that might have been expected was a
method of communication similar to the

Lorn resistance morn*

Alternator Friction Device ^<^S

Lour resistance.

/Reciprocating piston
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Electric Transmission Thru Two Wires and
Hydraulic Analog. Fig. 3.

heliographic and subject to the same or
even greater limitations.

In the spring of 1891 I gave my demon-

^^^^^ strations with a high frequency
machine before the American In-
stitute of Electrical Engineers at

Columbia College, which laid the
foundation to a new and far more
promising departure. Altho the
laws of electrical resonance were
well known at that time and my
lamented friend, Dr. John Hop-
kinson, had even indicated their

specific application to an alterna-

tor in the Proceedings of the In-

stitute of Electrical Engineers,
London. Nov. 13, 1889, nothing
had been done towards the prac-
tical use of this knowledge and
it is probable that those experi-

ments of mine were the first pub-
lic exhibition with resonant cir-

cuits, more particularly of high
frequency. While the spontane-
ous success of my lecture was
due to spectacular features, its

chief import was in showing that
all kinds of devices could be operated
thru a single wire without return. This

High tension
secondary

-^7 \~^\/>iiv»a*or

frtctich Device

|

\6ro<.-rrd

Qectprocvnng pistoo.
£iastic nuoH r ^#*-l*

Electric Transmission Thru a Single Wire
Hydraulic Analog. Fig. 4.

was the initial step in the evolution of my
wireless system. The idea presented itself

to me that it might be possible, under ob-



May. 1919 ELECTRICAL EXPERIMENTER 29

J » C .» *»"•« */***,. ft-l

t^-C
I _i*_

lllustratlng Typical Arrangements for

Collecting Energy In a System of Trans-
mission Thru a Single Wire. Fig. 5.

sen nee,

to transmit el LTth,

thus dispensing with all artificial con

one who might wish to examine in

tially tli'

must not view it in the light oi present day
nee. 1 only need to say that as lal

I, when 1 had prepared an elaborate chap-

ter mi my wireless system, dwelling on its

various instrumentalities and future i>r> >s-

ph Wetzler and other fi n

mine emphatically protested against us

publication on the ground that such idle and
far-fetched speculations would injure me in

the opinion of conservative business men
it came that only a small part of what

1 had intended to say was embodied in my
address of that year before the Franklin

Institute and National Electric 1

sociation under the chapter "On Electrical

number of radical impro table

dilators had first to I

energy oi these bad to b< transformed in

transmitters and collected .

Sueli a

Id be nianitc stly cii I in

its i it all extrani

ii . d. In time, hi iwever, I n
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Resonance." This little salvage from the

wreck has earned me the title of "Father
of the Wireless" from many well-disposed

fellow workers, rather than the invention

of scores of appliances which have brought
wireless trans-

. .

mission within

the reach of
every young
amateur and
which, in a
time not dis-

tant, will lead
to undertak-
ings overshad-
owing in mag-
n i t u d e and
importance all

past achieve-
ments of the

engineer.

The popular
impression is

that my wire-

less work was
begun in 1893,

but as a mat-
ter of fact I

spent the two
preceding
years in inves-

tigations, em-
ploying forms
of apparatus,
some of which
were almost
like those of
today. It was
clear to me
from the very
start that the

s u c ce s s ful

cons umma-
tion could only
b e brought
about by a

Transmission of Electrical Energy Thru the
Earth as Illustrated In Tesla's Lectures Be-
fore the Franklin Institute and Electric Light
Association In February and March, 1893, and
Mechanical Analog of the Same. Fig. 7.

ive and efficient, should be designed with
due regard to the physical properties of
this planet and the electrical conditions
obtaining on the same. I will briefly touch
upon the salient advances as they were
made in the gradual development of the
system.
The high frequency alternator employed

in my first demonstrations is illustrated in

fig. 1. It comprised a field ring, with 384
pole projections and a disc armature with
coils wound in one single layer which were
connected in various ways according to re-

quirements. It was an excellent machine
for experimental purposes, furnishing sinu-

soidal currents of from 10,000 to 20.000
cycles per second. The output was com-
paratively large, due to the fact that as
much as 30 amperes per square millimeter
could be past thru the coils without injury.

The diagram in Fig. 2 shows the circuit

arrangements as used in my lecture. Reso-
nant conditions were maintained by means

Tesla's System of Wireless Transmission*
Thru the Earth as Actually Exposed In
His Lectures Before the Franklin In-
stitute and Electric Light Association In
February and March, 1893. Fig. 8.

of a condenser subdivided into small sec-

tions, the liner adjustments being effected

by a movable iron core within an induct-

ance coil. Loosely linked with the latter

was a high tension secondary which was
tuned to the primary.
The operation of devices thru a single

wire without return was puzzling at first

because of its novelty. I nit can be readily

explained by suitable analogs. For this

purpose reference is made to bigs. 3 and 4.

In the former the low resistance electric

conductors are represented by pipes of large

System orammurn)wkdaxonssmmutoKsaimin tesla's u s patent
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The Forerunner of

the Audion — the

Most Sensitive
Wireless Detector

Known, as De-
scribed by Tesla In

His Lecture Before
the Institution of

E lectrical Engi-
neers, London,
February, 1892.

Fig. 9.

section, the alternator by an oscillating

piston and the filament of an incandescent

lamp by a minute channel connecting the

pipes. It will be clear from a glance at

the diagram that very slight excursions
of the piston would cause the fluid to rush

with high ve-

locity thru the

small channel
and that vir-

tually all the
energy of
movement
would be
t r ansformed
into heat by
friction, simi-

larly to that

of the electric

current in the
lamp filament
The second

diagram will

now be self-

e x p lanatory.

Corresponding
to the termi-
nal capacity of
the electric

system an
elastic reser-

voir is em-
ployed which
dispenses with
the necessity

of a return
pipe. As the
piston oscil-

lates the bag
expands and
contracts, and
the fluid is

made to surge
thru the re-

stricted pas-
sage with great
speed, this

fflpiiigT

TransformingGrruit 'tt>

Stmi/atiy funed

fVjuStobk capocity

II

e Wireless transforming
ohuit IF stmttarty

<-> tuned Z
fldjustQwc capou/y

Fig. 10.
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resulting in the generation of heat as in the

incandescent lamp. Theoretically consid-

ered, the efficiency of conversion of energy
should be the same in both cases.

Granted, then, that an economic system
of power transmission thru a single wire is

Tesla's four circut t B-

tuned mreJess system

ftertz wave system

\H

Tesla's Four Circuit Tuned System Con-
trasted With the Contemporaneous Hertz-

wave System. Fig. 11.

practicable, the question arises how to col-

lect the energy in the receivers. With this

object attention is called to Fig. 5, in which
a conductor is shown excited by an oscil-

lator joined to it at one end. Evidently, as

the periodic impulses pass thru the wire,

differences of potential will be created along
the same as well as at right angles to it

in the surrounding medium and either of

these may be usefully applied. Thus at a,

a circuit comprising an inductance and ca-

pacity is resonantly excited in the trans-

verse, and at b, in the longitudinal sense.

At c, energy is collected in a circuit parallel

to the conductor but not in contact with it,

and again at d, in a circuit which is partly

sunk into the conductor and may be, or

not, electrically connected to the same. It

is important to keep these typical disposi-

tions in mind, for however the distant ac-

TmnsmnYing
Circuit

Forms of Receiving Circuits

t.'W ;̂'>/p»7'W til-

Transmitting Circuit

connected to twopoinh— .ofthe ground

'-" 'tr? '" i > "I'r-

deceiving Circuit

groundedon one

orboth ends

Arrangements of Directive Circuits
Described in Tesla's U. S. Patent No.
613,809 of November 8, 1898, on
"Method of and Apparatus for Con-
trolling Mechanism of Moving Ves-

sels or Vehicles." Fig. 12.

tions of the oscillator might be modified

thru the immense extent of the globe the

principles involved are the same.

Consider now the effect of such a con-

ductor of vast dimensions on a circuit ex-

citing it. The upper diagram of Fig. 6 il-

lustrates a familiar oscillating system com-
prising a straight rod of self-inductance 2L
with small terminal capacities cc and a node

in the center. In the lower diagram of the

, figure a large capacity C is attached to the

rod at one end with the result of shifting

the node to the right, thru a distance cor-

responding to self-inductance X. As both

parts of the system on either side of the

node vibrate at the same rate, we have evi-

dently, (L + A") c - (L — X) t from
C — c

which A' = L . When the ca-

C + c

pacity C becomes commensurate to that of

the earth, X approximates L, in other

words, the node is close to the ground con-

nection. The exact determination of its

position is very important in the calcula-

tion of certain terrestrial electrical and
geodetic data and I have devised special

means with this purpose in view.

My original plan of transmitting energy

without wires is shown in the upper dia-

gram of Fig. 7, while the lower one illus-

trates its mechanical analog, first publisht

in my article in the Century Magazine of

June," 1900. An alternator, preferably of

high tension, has one of its terminals con-

nected to the ground and the other to an

elevated capacity and impresses its oscil-

lations upon the' earth. At a distant point

a receiving circuit, likewise connected to

ground and to an elevated capacity, collects

some of the energy and actuates a suitable

device. I suggested a multiplication of

such units in order to intensify the effects,

an idea which may yet prove valuable. In

the analog two tuning forks are provided,

one at the sending and the other at the re-

ceiving station, each having attached to its

lower prong a piston fitting in a cylinder.

The two cylinders communicate with a

large elastic reservoir filled with an incom-

-:%.

rHAHS/iirrEH

•' I'll-'
iKrti *mes ejCiicr

rfinugheorJi

Diagram Exposing the Fallacy of the Gliding
Wave Theory as Propounded in Wireless

Text Books. Fig. 13.

pressible fluid. The vibrations transmitted

to either of the tuning forks excite them
by resonance and, thru electrical contacts

or otherwise, bring about the desired re-

sult. This, I may say, was not a mere
mechanical illustration, but a simple rep-

resentation of my apparatus for submarine
signaling, perfected by me in 1892, but not

appreciated at that time, altho more effi-

cient than the instruments now in use.

The electric diagram in Fig. 7, which
was reproduced from my lecture, was
meant only for the exposition of the prin-

ciple. The arrangement, as I described it

in detail, is shown in Fig. 8. In this case

an alternator energizes the primary of a

transformer, the high tension secondary of

which is connected to the ground and an
elevated capacity and tuned to the imprest

oscillations. The receiving circuit consists

of an inductance connected to the ground
and to an elevated terminal without break
and is resonantly responsive to the trans-

mitted oscillations. A specific form of re-

ceiving device was not mentioned, but I

had in mind to transform the received cur-

rents and thus make their volume and ten-

sion suitable for any purpose. This, in

substance, is the system of today and I am
not aware of a single authenticated in-

stance of successful transmission at con-

siderable distance by different instrumen-

talities. It might, perhaps, not be clear to

\ a Imest

~-~<<\\ //>>-'"

i I I ! L " „ \\\\\
\J =4-Qn t4-qn
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Fig. 14. Diagram Explaining the Re-
lation Between the Effective and the
Measured Current in the Antenna.

those who have perused my first descrip-

tion of these improvements that, besides

making known new and efficient types of

apparatus. I gave to the world a wireless

system of potentialities far beyond any-

thing before conceived. I made explicit

9
6

Hertz oscillator of
great energy ineffective

Q
Grounded oscillator

ofsmall energy
highly effective

' •

j.rt /./ •/ > »—'— — ' ' - -
,„bj

Fig. 15. Illustrating One of the General Evi-
dences Against the Space Wave Transmission.

and repeated statements that I contem-
plated transmission, absolutely unlimited as

to terrestrial distance and amount of en-

ergy. But, altho I have overcome all ob-

stacles which seemed in the beginning un-

surmountable and found elegant solutions

of all the problems which confronted me,

yet, even at this very day, the majority of

experts are still blind to the possibilities

which are within easy attainment.

My confidence that a signal could be

easily flashed around the globe was
strengthened thru the discovery of the "ro-

tating brush," a wonderful phenomenon
which I have fully described in my address

before the Institution of Electrical Engi-

neers. London, in 1892, and which is illus-

trated in Fig. 9. This is undoubtedly the

most delicate wireless detector known, but

for a long time it was hard to produce and

to maintain in the sensitive state. These

difficulties do not exist now and I am look-

ing to valuable applications of this device,

particularly in connection with the high-

speed photographic method, which I sug-

gested, in wireless, as well as in wire, trans-

mission.
Possibly the most important advances dur-

ing the following three or four years were

my system of concatenated tuned circuits

Tm> forms ofgrounded circuits equally effective

Transmitter Transmitteror receiver

-*—.

—

-?~-~—

—

Fig. 16. Showing Unimportance of Relative
Position of Transmitting and Receiving An-
tennae in Disproval of the Hertz-wave

Theory.

and methods of regulation, now universally

adopted. The intimate bearing of these in-

ventions on the development of the wireless

art will appear from Fig. 10. which illus-

'Continued on page 61)
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The True Wireless
By Nikola Tesla

[Continued from paye 30)

trau-.s an arrangement described in my I

Patent No. 568178 of September 22, 1896,
and corrcspoixHnvr dispositions' of wireless
apparatus. The caption'. . >t' the individual
diagrams arc thought sufficiently explicit to

dispense with further comment 1 will
merely remark that in this early record, in

addition (O indicating how any number oi
rconant circuits may he linked and regu-
lated, I have shown the advantage of the
proper timing of primary impulses and use
oi harmonics. In a farcical wireless suit in

don, some engineers, reckless of their
reputation, have claimed that my circuits
were not at all attuned; in fact' they as-
serted that I had looked upon resonance as
a sort of wild and untamable beast I

It will be of interest to compare my sys-
tem as first described in a Belgian patent
of 1897 with the Hertz-wave system of that
period. The significant differences between
them will be observed at a glance. The
first enables us to transmit economically
energy to any distance and is of inestimable
value; the latter is capable of a radius of
only a few miles and is worthless. In the
first there are no spark-gaps and the actions
are enormously magnified by resonance. In
both transmitter and receiver the currents
are transformed and rendered more effec-
tive and suitable for the operation of any
desired device. Properly constructed, tm
system is safe against static and other in-

terference and the amount of energy which
may be transmitted is billions of times
greater than with the Hertzian which has
none of these virtues, has never been used
successfully and of which no trace can be
found at present.

A well-advertised expert gave out a state-

ment in 1899 that my apparatus did not
work and that it wouid take 200 years be-
fore a message would be flashed across the
Atlantic and he even accepted stolidly my
congratulations on a supposed great feat.

But subsequent examination of the records
showed that my devices were secretly used
all the time and ever since I learned of this

I have treated these Borgia-Medici methods
with the contempt in which they are held
by all fair-minded men. The wholesale
appropriation of my inventions was. bow-
ever, not always without a diverting side.

As an example to the point I may mention
my oscillation transformer operating with
an air gap. This was in turn replaced by
a carbon arc, quenched gap, an atmosphere
of hydrogen, argon or helium, by a me-
chanical break with oppositely rotating
members, a mercury interrupter or some
kind of a vacuum bulb and by such tours
de force as many new "systems" have 1

produced. I refer to this of course, with-
out the slightest ill-feeling, let us advance
by all means. But 1 cannot help thinking
how much better it would have been if the
ingenious men, who have originated tl

"systems," had invented something of their
own instead of depending on me altogether.
Before 1900 two most valuable improve-

ments were made. One of these was my
individualized system with transmitters emit-
ting a wave-complex and receivers compris-
ing separate tuned elements cooperatively
associated. The underlying principle cat
explained in a few words. Suppose that
there are n simple vibrations suitable for
use in wireless transmission, the probabil-
ity that any one tune will be struck by an

1

extraneous disturbance is —. There will

n
then remain n—1 vibrations and the chance

1

that one of these will be excited is ,

)i— 1

hence the probability that two tunes would
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be struck at the same time is . Sim-
n(n—1)

ilarly, for a combination of three the chance

1

-will be and so on. It will be

n (n—1) (n—2)
readily seen that in this manner any desired

degree of safety against the statics or other

kind of disturbance can be attained pro-

vided the receiving apparatus is so designed

that its operation is possible only thru the

joint action of all the tuned element.. This

was a difficult problem which I have suc-

cessfully solved so that now any desired

number of simultaneous messages is prac-

ticable in the transmission thru the earth as

well as thru artificial conductors.

The other invention, of still greater im-

portance, is a peculiar oscillator enabling

the transmission of energy without wires

in anv quantity that may ever be required

for industrial use, to any distance, and with

very high economv. It was the outcome

of years of systematic study and investiga-

tion and wonders will be achieved by its

means.

The prevailing misconception of the mech-

anism involved in the wireless transmis-

sion has been responsible for various

unwarranted announcements which have

misled the public and worked harm. By
keeping steadily in mind that the transmis-

sion thru the earth is in every respect

identical to that thru a straight wire, one

will gain a clear understanding of the phe-

nomena and will be able to judge correctly

the merits of a new scheme. Without wish-

ing to detract from the value of any plan

that has been put forward I may say that

they are devoid of novelty. So for instance

in Fig. 12 arrangements of transmitting and

receiving circuits are illustrated, which 1

have described in my U. S. Patent No.

613809 of November 8, 1898 on a Method

of and Apparatus for Controlling Mechan-

ism of Moving Vessels or Vehicles, and

which have been recently dished up as orig-

inal discoveries. In other patents and tech-

nical publications I have suggested conduc-

tors in the ground as one of the obvious

modifications indicated in Fig. 5.

For the same reason the statics are still

the bane of the wireless. There is about

as much virtue in the remedies recently

proposed as in hair'restorers. A small and

compact apparatus has been produced which

docs 'away entirely with this trouble, at

least in plants suitably remodelled.

Nothing is more important in the present

phase of development of the wireless art

than to dispose of the dominating erroneous

ideas. With this object I shall advance a

few arguments based on my own observa-

tions which prove that Hertz waves have

little to do with the results obtained even

at small distances.

In Fig. 13 a transmitter is shown radiat-

ing space waves of considerable frequency.

It is generally believed that these waves

pass along the earth's surface and thus affect

the receivers. I can hardly think of any-

thing more improbable than this "gliding

wave" theory and the conception of the

"guided wireless" which are contrary to all

laws of action and reaction. Why should

these disturbances cling to a conductor

where they are counteracted by induced cur-

rents, when they can propagate in all other

directions unimpeded ? The fact is that the

radiations of the transmitter passing along

the earth's surface are soon extinguished,

the height, of. the inactive zone indicated in

the diagram, being some function of the

wave length, the bulk of the waves travers-

ing freelv the atmosphere. Terrestrial phe-

nomena which I have noted conclusively

show that there is no Heavistde layer, or if

it exists, it is of no effect. It certainly

would be unfortunate if the human race

were thus imprisoned and forever without

power to reach out into the depths of space.

I'o ii benefit by mentioning the "Electrical Experimenter" when writing to advertisers.
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The actions at a distance cannot he pro-

portionate i" the height of the antenna and
the current in the tame. I shall endeavor
to make this clear by i

.

in Fig. 14. The elevated terminal chai
t" a high potential induce* an equal ami
opposite charge in the earth and there are
1 1

1

» i -
|

} lines ii. in. an average current
/ = AQu which circulates locally and is

useless except that it add- to the momen-
tum. A relatively small number <>f lines /

however, go ofl to great distance and t>>

thesi nds a mean current of it =
4, in to -chicli is due the action iii (i distance.

total a\ i ent in the antenna
is thus I m —- AOn -\- 4qn and its intensity
is no criterion tor the performance. The

q
trie efficiency of the antenna is

+ 4
and tin- is often a very small fraction.

Dr. L W. Austin and Mr. J. I..

have made quantitative measurement- which
are valuable, but far from supporting thi

Hertz wave theory they are evidences in

disproval of the same, as will be easily per-
ceived by taking the above facts into

sideration. Or. Austin's researches are es-

pecially useful and instructive and 1 regret
that 1 cannot agree with him on this subject.
I do not think that if his receiver was af-

fected by Hertz waves he could evei estab
lish such relations a- he has found, but he
would be likely to reach these results if the
Hertz waves were in a large part eliminated.

At great distance the space waves and the
current waves arc of equal energy, the
former being merely an accompanying man-
ifestation of the latter in accordance with
the fundamental teachings of Maxwell.

It occurs to me here to ask the question

—

why have the Hertz waves been reduced
from the original frequencies to those I

have advocated for my system, when in so

doing the activity of the transmitting ap-

paratus has been reduced a billion fold?

I can invite any expert to perform an
experiment such as is illustrated in Fig. 15,

which shows the classical Hertz oscillator

and my grounded transmitting circuit. It

is a fact which I have demonstrated that,

altho we may have in the Hertz oscillator

au activity thousands of times greater, the

effect on the receiver is not to be compared
to that of the grounded circuit. This shows
that tit the transmission from an airplane

we are merely working thru a condenser,
the capacity of which is a function of a
logarithmic ratio between the length of the

conductor and the distance from the ground.
The receiver is affected in exactly the same
manner as from an ordinary transmitter,

the only difference being that there is a cer-

tain modification of the action which can be
predetermined from the electrical constants.

It is not at all difficult to maintain com-
munication between an airplane and a
station on the ground, on the contrary-

, the

feat is very easy.

To mention another experiment in sup-

port of my view, I may refer to Fig. 16 in

which two grounded circuits are shown
excited by oscillations of the Hertzian order.

It will be found that the antennas can be put

out of paralleli-m without noticeable change
in the action on the receiver, this provin

that it is due to currents propagated thru

the ground and not to space waves.

Particularly significant are the results ob-

tained in cases illustrated in Figures 17 and
18. In the former an obstacle is shown in

the path of the waves but unless the re-

ceiver is within the effective electrostatic

influence of the mountain range, the sig

are not appreciably weakened by the p

ence of the latter, because the currents pass
under it and excite the circuit in the -

way as if it were attached to an energizi d

wire. If, as in Fig. 18, a second ramre hap-
pens to be beyond the receiver, it could only
strengthen the Hertz wave effect by reflec-

tion, but as a matter of fact it detracts

(Continued on page 87)
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lamp there. It was the exact spot which I

had originally chosen.
So it went day after day with variations,

but I was determined to achieve at what-
ever cost and in the end my efforts were
rewarded. By the spring of 1884 all the
differences were adjusted, the plant formal-
ly accepted, and I returned to Paris with
pleasing anticipations. One of the admin-
istrators had promised me a liberal compen-
sation in case I succeeded, as well as a fair

consideration of the improvements I had
made in their dynamos and I hoped to real-

ize a substantial sum. There were three
administrators whom I shall designate as

A, B and C for convenience. When I called

on A he told me that B had the say. This
gentleman thought that only C could decide
and the latter was quite sure that A alone
had the power to act. After several laps

of this circulus wciostis, it dawned upon me
that my reward was a castle in Spain. The
utter failure of my attempts to raise capital

for development was another disappoint-

ment and when Mr. Batchellor prest me to

go to America with a view of redesigning
the Edison machines, I determined to try

my fortunes in the Land of Golden Prom-
ise. But the chance was nearly mist. I

liquefied my modest assets, secured accom-
modations and found myself at the railroad

station as the train was pulling out. At
that moment I discovered that my money
and tickets were gone. What to do was
the question. Hercules had plenty of time
to deliberate but I had to decide while run-
.ning alongside the train with opposite feel-

ings surging in my brain like condenser
oscillations. Resolve, helped by dexterity,

won out in the nick of time and upon pass-

ing thru the usual experiences, as trivial as

unpleasant, I managed to embark for New
York with the remnants of my belongings,
some poems and articles I had written, and
a package of calculations relating to solu-

tions of an unsolvable integral and to my
flying machine. During the voyage I sat

most of the time at the stern of the ship

watching for an opportunity to save some-
body from a watery grave, without the

slightest thought of danger. Later when I

had absorbed some of the practical Ameri-
can sense I shivered at the recollection and
marvelled at my former folly.

Tesla in America
I wish that I could put in words my first

impressions of this country In the Arabian
Tales I read how genii transported people
into a land of dreams to live thru delightful

adventures. My case was just the reverse.

The genii had carried me from a world of
dreams into one of realities. What I had
left was beautiful, artistic and fascinating

in every way; what I saw here was ma-
chined, rough and unattractive. A burly
policeman was twirling his stick which
looked to me as big as a log. I approached
him politely with the request to direct me.
"Six blocks down, then to the left," he said,

with murder in his eyes. "Is this America?''
I asked myself in painful surprise. "It is a
century behind Europe in civilization."

When I went abroad in 1889—five years
having elapsed since my arrival here—I be-

came convinced that it was more than one
hundred years AHEAD of Europe and
nothing has happened to this day to change
my opinion.

Tesla Meets Edison
The meeting with Edison was a memor-

able event in my life. I was amazed. at this

wonderful man who, without early advan-
tages and scientific training, had accom-
plished so much. I had studied a dozen
languages, delved in literature and art, and
had spent my best years in libraries reading
all sorts of stuff that fell into my hands,
from Newton's "Princi[>ia" to the novels of

Paul de Kock, and felt that most of my

om tage 17 )

life had been squandered. But it did not
take long before I recognized that it was
the best thing I could have done. Within
a few weeks I had won Edison's confidence
and it came about in this way.
The S. S. Oregon, the fastest passenger

steamer at that'time, had both of its lighting
machines disabled and its sailing was de-
layed. As the superstructure had been built

after their installation it was impossible to
remove them from the hold. The predica-
ment was a serious one and Edison was
much annoyed. In the evening I took the
necessary instruments with me and went
aboard the vessel where I stayed for the
night. The dynamos were in b'ad condition,
having several short-circuits and breaks, but
with the assistance of the crew I succeeded
in putting them in good shape. At five

o'clock in the morning, when passing along
Fifth Avenue on my way to the shop. I met
Edison with Batchellor and a few others
as they were returning home to retire.

"Here is our Parisian running around at

night," he said. When I told him that I

was coming from the Oregon and had re-

paired both machines, he looked at me in

silence and walked away without another
word. But when he had gone some dis-

tance I heard him remark : "Batchellor, this

is a d—n good man," and from that time on
I had full freedom in directing the work.
For nearly a year my regular hours were
from 10.30 A. M. until 5 o'clock the next
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morning without a day's exception. Edison
;aid to me: "I have had many hard-work-
ing assistants but you take the cake." Dur-
ing tins period I designed twentj I

different types of standard machines with
.vlmrl lores anil of unit'orm pattern which

replaced the >'M oir-s. The Manager had
promised me fifty thousand dollars on the

completion of this task but it turned
to be a practical joke. This gave me a
painful shock and I resigned tin position.

Immediately thereafter some people ap-

proached me with the proposal of forming
an arc light company under my name, to

which 1 agreed. Here finally was an op-

portunity to develop the motor, but when
ached the subject to my new ass.,,

they said: "\'<>, we want the arc lamp.
\\ r don't care for this alternating current

of yours." In 1886 my system of arc light-

ing was perfected and adopted for factory
and municipal 1 ii^Vi t invr. and I was free, hut

with no other possession than a beautifully

engraved certificate of stock of hypothetical
value. Then followed a period of stro

in the new medium for which I Was not

fitted, hut the reward came in the end and
in April, 1887, the Tesla Electric Company
was organized, providing a laboratory and
facilities. The motors I built there were
exactly as I had imagined them. I ma 1

attempt to improve the design, but merely
reproduced the pictures as they appeared to

my vision and the operation was always as
1 expected.
In the early part of 1888 an arrangement

was made with the Westinghouse Company
for the manufacture of the motors on a

large scale. But great difficulties had still

to be overcome. My system was based on
the ose of low frequency currents and the

Westinghouse experts had adopted 133

cycles with the object of securing advan-
tages in the transformation. They did not
want to depart from their standard forms
of apparatus and my efforts had to he con-

centrated upon adapting the motor to these

conditions. Anothi ity was to pro-

duce a motor capable of running efficiently

at this frequency on two wires which was
not easy of accomplishment.

At the close of 1889, however, my services

in Pittsburg being no longer essential, I

returned to New York and resumed experi-

mental work in a laboratory on '.rand

Street, where I began immediately the de-

sign of high frequency machines. The prob-

lems of construction in this unexplored field

were novel and quite peculiar and I en-

countered many difficulties. I rejected the

inductor type, fearing that it might not

yield perfect sine waves which were so im-

portant to resonant action. Had it not been

for this I could have saved myself a great

deal of labor. Another discouraging fea-

ture of the high frequency alternator seemed

to be the inconstancy of speed which threat-

ened to impose serious limitations to its

use. I had already noted in my demonstra-
tions before the American Institution of

Electrical Engineers that several times the

tune was lost, necessitating readjustment.

and did not yet foresee, what I discovered

long afterwards, a means of operating a

machine of this kind at a speed constant to

such a degree as not to vary more than a

small fraction of one revolution between
the extremes of load.

The Invention of the Tesla Coil

From many other considerations it ap-

peared desirable to invent a simpler device

for the production of electric oscillati

In 185b Lord Kelvin had exposed the theory

of the condenser discharge, but no practical

application of that important knowledge
was made. I saw the possibilities and un-

dertook the development of induction ap-

paratus on this principle. My progress was

so rapid as to enable me to exhibit at my
lecture in 1891 a coil giving sparks of five

inches. On that occasion I frankly told the

(Continued on page 89)
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Tlhe True Wireless
By Nikola 1

(Continued from ;

greatly from the intensity "i the

impulses because the electric i

the mountains is raised, as I have explained
in connection with my lightning proti

in the EXPERIMENTS! of Febri

Transmitter

Fig. 17. Illustrating Influence of Obstacle In

the Path of Transmission as Evidence Against
the Hertz-wave Theory.

.
Wiiu in Fig. 19 two transmitting cir-

cuits, one grounded directly and the other
thru an air gap, ap- shown. It is a com-
mon observation that the former is far

Fig. 18. Showing Effect of Two Hills as
Further Proof Against the Hertz-wave

Theory.

more effective, which could not be the case

in a transmission with Hertz radiations,

"n like manner if two grounded circuits are

Transmitter
|

.separated
from ground
by spark gap

Transmitter
\

grounded
without

break

•r '-> -r-*-r- -r-7~™ '~V~'

Fig. 19. Comparing the Actions of Two
Forms of Transmitter as Bearing Out the

Fallacy of the Hertz-wave Theory.

observed from day to day the effect is

found to increase greatly with the damp-

ness of the ground, and for the same reason

Transmitter rrith small
terminal capaaty

Transmitter m'tfi large
terminal capajcefy

1

in thru set water it

m.
An illuminating experiment is indicated

20 in wlmli two grounded trans-

mits rs arc shown, one » il md the

other with a small terminal Sup-

pose that the latter
I the former

Inn that it is charged to in til

tential and let the frequency oi the two
circuits and therefore the currents in both

antenna
with the smaller capacity v. ill then I

times the energy of the other but the

on the receiver will be in no wise propor-

tionate.

The same conclusions will be reached by

transmitting and receiving circuits with

wires buried underground. In each case

tions carefull) investigated will be

found to be due to earth currents. Numer-
iit be cited which can

ih verified. So for example oscillo-

of low frequency are ever so much
more effective in the transmission which is

inconsistent wit; a. Mj
observations in 1W0 an<l the recent trans-

missions ol signals to very great distances

are another emphatic disproval.

The Hertz wave theory of wireless trans-

mission may be kept up for a while, but I

do not hesitate to say that in a short time

it will be recognized as one of the most

remarkable and inexplicable aberrations of

the scientific mind which has ever been re-

corded in history.

i inwiiiiu

TO ALL
AMATEURS

We have received many thousands 3

1 of communications from radio ama-

1 teurs for the past few months asking

I us about the status of their radio sta-

| tions, and when they will be allowed

1 to operate them again.

Inasmuch as there has been no offi-

1 cial information as to the reopening

1 of amateur stations, during the arnii-

I tice. we can only say that in all likcli-

1 hood, amateurs will not be allowed to

operate until actual peace has been

I signed, fn his executive order of

\pril the 6th, 1917, President Wilson

| closed all radio stations in the United

Stalls by an act approved in the Radio

Law of August 13, 1912.

Such a measure, according to law,

is only for the duration of the war,

i there being at present no legislation

which prevents any station, amateur or |
1 otherwise, from operating after peace -

has actually been declared. Therefore,

the minute newspapers announce that

1 peace between the United States and

the Central Powers has been signed,

all amateur stations automatically re-

3 vert to their former status, and ama-

1 teurs need not wait for permission to I

i operate their stations, once peace has =

i been declared.
EDITOR.

Fig. 20. Disproving the Hertz-wave Theory
by Two Transmitters, One of Great and the

Other of Small Energy.

WRINKLES, RECIPES & FORMULAS.
(Continued from page 42)

If carbon dioxid is to be generated, fill

tube A with marble chips and tube B with

dilute hydrochloric acid.

It is evident that the parts of the penera-

tor can be easily cleaned and new chemicals

put in. The completed apparatus is shown
in Fig. 3.

tributed by S. WEISINGER, JR.
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My Iirwentifcns
mtinutd from /

Typewriter Sensation

engineers of a defect involved in the trans-
formation by the new method, namely, the
loss in the spark gap, Subsequent invi

hkc that governing the conversion ol me-
chanical enern We ma) <ln.|j a weight

from certain height vertically down or

Mechanical Analog of Tes/o Oscillation Transformer•(&*<»)

This revolutionary Improvement was exhibited and explained by Tesla tor the first time In his lecture before the American
Institute of Electrical Engineers May 20, 1891. It has made possible to generate automatically damped or undamped
oscillations of any desired frequency and. what Is equally Important, of perfectly constant period. It has been Instru-
mental in many great achievements and Its use has become universal. The underlying principle may be briefly stated as
follows: A source of electricity Is made to charge a condenser and when the difference of potential at the terminals of
the latter has reached a predetermined value, an air-gap Is bridged, permitting the accumulated energy to be discharged
through a circuit under resonant conditions, this resulting In a long scries of Isochronous Impulses. These are either
directly used or converted to any desired volume or pressure by means of a second circuit Inductively linked with the first

and tuned to the same. The above diagram Is taken from Tesla's lecture before the Franklin Institute and National
Electric Light Association In 1893 and shows more elaborate arrangements of circuits, now quite familiar, for the con-
version of ordinary direct or alternating currents Into high frequency oscillations by this general method. In the
mechanical apparatus Illustrated, an attempt Is made to convey an Idea of the electrical operations as closely as practi-
cable. The reciprocating and centrifugal pumps, respectively, represent an alternating and a direct current generator.
The water takes the place of the electric fluid. The cylinder with Its plastically restrained piston represents the
condenser. The Inertia of the moving parts corresponds to the self-Induction of the electric circuit and the wide ports
around the cylinder, through which the fluid can escape, perform the function of the air-gap. The operation of this
apparatus will now be readily understood. Suppose first that the water Is admitted to the cylinder from the centrifugal
pump, this corresponding to the action of a continuous current generator. As the fluid Is forced Into the cylinder, the
piston moves upward until the ports are uncovered, when a great quantity of the fluid rushes out, suddenly reducing the
pressure so that the force of the compressed spring asserts Itself and sends the piston down, closing the ports, whereupon
these operations are repeated In as rapid succession as It may be desired. Each time the system, comprising the piston.

rod, weights and adjustable spring, receives a blow, It quivers at Its own rate which Is determined bv the Inertia of the
moving parts and the pliability of the spring exactly as in the electrical system the period of the circuit Is determined
by the self-induction and capacity. Under the best conditions the natural period of the elastic system will be the same
as that of the primarily Impressed oscillations, and then the energy of the movement will be greatest. If. Instead of the
centrifugal, the reciprocating pump Is employed, the operation Is the same In principle except that the periodic Impulses
of the pump Impose certain limitations. The best results are again obtained when synchronism Is maintained between

these and the natural oscillations of the system.

gation showed that no matter what medium
is employed, be it air, hydrogen, mercury
vapor, oil or a stream of electrons, the

efficiency is the same. It is a law very much
Conrocrs

==™-» Primary at
f. fcj c of)

Condenser

Fig. 3—Scheme of Circuit Connections In
Tesla's Oscillation Transformer Shown In

Fig. 1. The Secondary Circuit Which Slips
Into the Primary Is Omitted.

carry it to the lower level along any devious
path, it is immaterial insofar as the amount
of work is concerned. Fortunately how-
ever, this drawback is not fatal as by proper
proportioning of the resonant circuits an
efficiency of oS /vr cent is attainable. Since
my early announcement of the invention it

has come into universal use and wrought a
revolution in many departments. Hut a

still preater future awaits it. When in 1900
I obtained powerful discharges of 100 feet

and Hashed a current around the globt. I

was reminded of the first tiny spark I ob-
served in my Grand Street laboratory and
was thrilled by sensations akin to those I

Fdt when I discovered the rotating mag-
netic field.
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N 1904, during Army maneuvers in Cali-

fornia, General, then Major, George O.
Squier, of the U. S. Signal Corps, made the

important discovery that it was possible to

receive radio messages, using live trees as

an aerial. He found that by merely driv-

ing a metallic spike into the tree trunk, a
few feet above the ground, and by connecting the wire

from his radio receiving instruments to the spike, mes-
sages would come in astonishingly well over this new
"aerial".

The invention, while important, received but scant no-

tice, even in the scientific press of that day. Indeed, the

majority of radio people knew very little about the in-

vention, and those who did know considered the tree

aerial as a freak, along with the bed-spring aerial and
others of a similar nature.

During the war, however, the discoverer of the sys-

tem, who had now become Major General Squier, Chief
Signal Officer of the Army, made many new experi-

ments with trees and radio. Recently, before the Physi-

cal Society, General Squier delivered a highly interest-

ing lecture on the subject, and from what transpired, it

is certain we have merely scratched the surface of an
important invention.

General Squier, for instance, has been in constant

communication with Europe for months, receiving mes-
sages from all of the large radio stations located in

England, France, Italy and Germany, using nothing but

trees for his aerials. But that was not all. He demon-
strated that it was just as easy to send radio messages
over a tree as it was to receive them. Indeed this holds

true not only for telegraph messages, but radio tele-

phone communication has been actually carried on be-
tween trees over a distance of three miles! So far no
attempt has been made to increase this distance, altho it

is obvious that any distance, depending only upon the

power of the sending instruments, can be bridged in this

manner.

That this system proved of immense value during the
war can be readily imagined. Our signal corps men for
that reason never were troubled with the communication
lines in their rear, as long as there was a live tree about.
No conspicuous wire aerial was needed for their radio
work; code messages flew back and forth from the most
extended points of our lines, right under the Germans'
noses, who never suspected innocent-looking trees as
being the carriers of priceless information.

General Squier thinks that the tree aerial will soon
supplant the wire antenna entirely ; even the big com-
mercial stations, he thinks, can make excellent use of his
discovery. The radio amateur particularly, will find the
trees about his house a new and welcome source for his
experiments. Many parents and landlords object to un-
sightly aerials on or about the house. An innocent-look-
ing tree—if there is one near at hand—now solves the
problem for the ambitious amateur. And the higher the
tree, the better the results.

The new botanical antenna, on the other hand, brings
us many new and interesting problems. One—and a
curious one at that—is : How to figure the wave length
of such an aerial ! No doubt General Squier has, or will

work out a standard formula for us. Undoubtedly, too,
the wave length will vary from year to year—due to the
growth of the tree. Then, too, in Spring, before the
leaves are on the tree, the wave-length should be slightly

less than in the summer time, due to the smaller area
and resultant capacity. Also it would seem that in the
winter time, the wave-length of the tree would be much
less than in the Spring, due to the conducting sap re-
ceding from the branches.

Suppose you were to "spike up" every tree in a small
wood—say, a thousand trees ! The enormous area ex-
posed to the ether, would theoretically give us a wonder-
fully effective antenna. We say theoretically, because
we do not know how the immense added capacity would
affect our instruments.

H. Gernsback.
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Mv Iy inveniions
By Nikola Tesla

V. The Magnifying Transmitter

^.^.. . . : :4.:7»\";^tTO

This Photograph Shows
the Famous Tesla Tower
Erected at Shoreham,
L. I., N. Y. The Tower
Was Dismantled at the
Outbreak of the War. It

Was 187 Feet High.
The Spherical Top Was
68 Feet in Diameter.

AS I review the events of my past life

.'/\ I realize how subtle are the in-

/ \ tluences that shape our destinies.

, \ ) V An incident of my youth may serve

to illustrate. One winter's day I

managed to climb a steep mountain, in com-
pany with other boys. The snow was quite

deep and a warm southerly wind made it just

suitable for our purpose. We amused our-

selves by throwing balls which would roll

down a certain distance, gathering more or

less snow, and we tried to outdo one another

in this exciting sport.

Suddenly a ball

seen to go beyond the

limit, swelling to enor-

mous proportions until

it became as big as a

house and plunged thun-

dering into the valley

below with a force that

made the ground tremble. I looked on spell-

bound, incapable of understanding what had

happened. For weeks afterward the picture

of the avalanche was before my eyes and I

wondered how anything so small could grow
to such an immense size. Ever since that

time the magnification of feeble actions fas-

cinated me, and when, years later, I took

up the experimental study of mechanical

and electrical resonance, I was keenly in-

terested from the very start. Possibly,

had it not been for that early powerful

impression, I might not have followed

up the little spark I obtained with my
coil and never developed my
best invention, the true history

of which I will tell here for the

first time.

Scrapping the World** Engines.

"Lionhunters" have often
asked me which of my dis-

coveries I prize most,

a few technical men,

very able in their spe-

cial departments, but

dominated by a pe-

dantic spirit and near-

sighted, have asserted

that excepting the in-

duction motor I have

given to the world

little of practical use.

This is a grievous

mistake. A new idea

must not be judged

by its immediate re-

sults. My alternat-

.

Note the Huge Size of
the Structure by Com-
paring the Two - story
Power Plant in the Rear.
The Tower Which Was
to be Used by Tesla in
His "World Wireless,"
Was Never Finished.
Ilustration Opposite
Shows It Completed.

This depends on the point of view. Xot stroked his chi

and altho considerable resistance had to be

overcome and opposing interests reconciled,

as usual, the commercial introduction could

not be long delayed. Now, compare this situ-

ation with that confronting my turbine, for

example. One should think that so simple

and beautiful an invention, possessing many
features of an ideal motor, should be adopted

at once and, undoubtedly, it would under simi-

lar conditions. But the prospective effect of

the rotating field was not to render worthless

existing machinery; on the contrary, it was

to give it additional

value. The system lent

itself to new enterprise

as well as to improve-

ment of the old. My
turbine is an advance of

a character entirely dif-

ferent. It is a radical

departure in the sense

that its success would mean the abandonment
of the antiquated types of prime movers on

which billions of dollars have been spent.

Under such circumstances the progress must
needs be slow and perhaps the greatest im-

pediment is encountered in the prejudicial

opinions created in the minds of experts

by organized opposition. Only the other

day I had a disheartening experience when
I met my friend and former assistant,

Charles F. Scott, now professor of Elec-

trical Engineering at Yale. I had not

seen him for a long time and was glad

to have an opportunity for a little chat

at my office. Our conversation

naturally enough drifted on my
turbine and I became heated to

a high degree. "Scott," I ex-

claimed, carried away by the

vision of a glorious future, "my
turbine will scrap all the heat-

engines in the world." Scott

i and looked away thoughtfully, as though mak-
kh^^hbhkk^bb ing a mental calcula-

tion. "That will make
quite a pile of scrap,"

he said, and left

without another
word

!

I 1/ IGINE a man a century ago, bold enough to design and actually build a huge totver
* with which to transmit the human voice, music, pictures, press news and even power,
thru the earth to any distance whatever without wires! He probably would have been
hung or burnt at the stake. So when Tesla built his famous tower on Long Island he was
a hundred yeari ahead of hit time. And foolish ridicule by our latter day arm-chair
"savant*," ilm^ not in tin- least mar Testa's greatness.

The titanic brain of Tesla has hardly produced a more amazing wonder than this

"magnifying transmitter." Contrary to popular belief his totver was not built to radiate
Hertzian wave* into the ether. Telia's tyttem sends out thousands of horsepower thru
tin- earth he has thoum experimentally how power can be sent without wires over dis-
tances from a central point. \or is there any mystery about it how he accomplishes the
result. His historic V. S. patents and articles describe the method used. Testa's Mag-
nifying Transmitter it truly a modern lamp of Aladdin.

EDITOR.

ing system of power transmission came at a pi il mo-
ment, as a long-sought answer to pressing industrial questions

lowed the inborn instinct to impro

(( ontitwed mi pag

Copyright. 1919. by E. P. Co. All rights reserved

Mr. Testa's articles started in our February issue

"Aladdin's Lamp".

These and other in-

ventions! of mine,
however, were noth-

ing more than steps

forward in certain

directions. In evolv-
^™ ing them I simply fol-

the present devices without

148)
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THIS PHOTOGRAPH OF A MODEL SHOWS HOW THE TESLA.TOWER BUILT ON LONG BLAND. EIGHTEEN YEARS AGO^ WOULD
r
HAV|

LOOKED COMPLETED. FROM ITS APPEARAND NOBODY
q
WOULD ^FE^ WTJT WAS^TO K USED
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©ts\tioffn
By NIKOLA TESLA

In (his article Dr. Tesla proves conclusively by theory ami experiment that all the kinetic energy of a rotating mass is purely transla-

tional and that the moon contains absolutely no rotational energy, in other words, does not rotate on its axis.—Editor.

I
X revising my article on "The Moon's
Rotation ". which appeared in the April

issue of the Electrical t-.xi i KIM1 mtr.
1 appended a lew remarks to the oric-

inal text in further Support and eluci-

Fig. 1. In Determining the Kinetic Energy
of a Rotating Mass, This Figure Shows the
Selection of a Number of Points Taken With-
in the Straight Rod or Mass M, at Successive
Distances from the Axis of Rotation O.
Knowing These Values and the Speed of Ro-
tation the Kinetic Energy of the Mass Is

Readily Computed.

dation of the theory advanced. Due to the

printer's error these were lost and, in con-
sequence, I found it necessary to forward
another communication which, unfortunate-
ly, was received too late for embodiment in

the May number. Meanwhile many letters

have reached me in which certain phe-
nomena presented by rotating bodies, as the

moon's librations of longitude, are cited as

evidences of energy due to spinning motion,
i. e., proofs of axial rotation of the satellite

in the true physical sense. I trust that the

following amplified statement will meet all

of the objections raised and convert to my
views those who are still unconvinced.
The kinetic energy of a rotating mass

can he determined in four ways which are
illustrated in diagrams, Figs. 1, 2, 3 and 4
and may be found more or less suitable.

Referring to Fig. 1, the method consists

in selecting judiciously a number of points

as Oi, Os, Oj, etc., within the straight rod or
mass M, respectively at distances r,, r: , r»,

etc., from the axis of rotation and cal-

culating the square root of the mean square
of these distances. Its value being RB , de-
noted radius of gyration, the effective ve-
locity of the mass at n revolutions per sec-

ond will be V. = 2TR„n and its kinetic

energy E = </, M V." = ! M (2 1TR«n)\
In Fig. 2 the mass M, rotating n times

per second about an axis at right angles
to the plane of the paper, is divided into

numerous elements or small parts, most
conveniently very thin concentric laminae,
as li, lj, L, etc., at distances r,, r:, r,, etc.,

from 0. Since the kinetic energy of each
part is equal to half the product of its mass
and the square of the velocity, tin- Bum of all

these elemental energies E = '
.• - in V3 =

J/2 m, V,' + \/2 m, V? +'/2 m,V,' +
= Vi m, (2 Tr,n) s + y2 m, (2 "T:n)

! + lA
nu (2 Tan) 1

-f
A different form of expression for the

energy of a rotating body may be obtained
by determining its moment of inertia. For
this purpose the mass M (in Fig. 3), ro-

tating n times per second about an axis 0,

is separated into minute parts, as mi, m : , mi,

etc., respectively at distances n, r* r.,,

from the same. The sum of the products
of all these small masses and the squares

of tlnir distances is the moment of inertia

I, and then E = \ 2 I o>
;

,
<•> — 2 t n being

the angular velocity.

Ii is obvious that in all these instances

many points or elements will be required

for great accuracy but, as a rule, very Eew
are sufficient in practice.

Still another way to compute the kinetic

energy is illustrated in Fig. 4, in which case
the quantity I is given in terms of the mo-
ment of inertia Ic about another axis paral-

lel to and passing thru the center of

gravity C of mass M. In conformity with
this the energy of motion E = y2 M V* +
i/,

I, or in which equation V is the velocity

of the center of gravity.

The preceding is deemed indispensable as

I note that the correspondents, even those
who seem thoroly familiar with mechanical
principles, fail to make a distinction be-
tween theoretical and physical truths which
is essential to my argument.

In estimating the kinetic energy- of a ro-
tating mass in any of the ways indicated
we arrive, thru suitable conceptions and
methods of approximation, at expressions
which may be made quantitatively precise
to any desired degree, but do not truly de-

Fig. 3. Another Form of Expression for the
Energy of a Rotating Body May Be Obtained
by Determining Its Moment of Inertia. Here
the Mass M is Subdivided Into Minute Parts
m,, m 2 , mj etc. The Sum of the Prod-
ucts of These Masses and the Squares of
Their Distances Is the Moment of Inertia,
Which with the Angular Speed, Gives the

Kinetic Energy E.

fine the actual condition of the body. To
illustrate, when proceeding according to the
plan of Fig. 1, we find a certain hypothetical
velocity with which the entire mass should

move in order to contain the same energy,

a state wholly imaginary and irreconcilable

with the actual. Only, when all particles of
the body have the same velocity, does the

Fig. 4. In this Case the Motion Is Resolved
Into Two Separate Components—One Trans-
latlonal About O and the Other Rotational
About C. The Total Kinetic Energy of the
Mass Equals the Sum of These Two Energies.

Fig. 2. In This Case the Mass M. Rotating
n Times Per Second, About An Axis O, Is

Divided Into Numerous Elements or Small
Parts at Various Radii from O. Knowing the
Kinetic Energy of Each Part, the Whole
Kinetic Energy of the Mass Is Easily Deter-
mined by Taking a Summation of the Indi-

vidual Quantities.

product y2 M V2
specify a physical fact and

is numerically and descriptively accurate.

Still more remote from palpable truth is

the equation of motion obtained in the
manner indicated in Fig. 4, in \vhicl> the
first term represents the kinetic energy of
translation of the body as a whole and the
second that of its axial rotation. The for-
mer would demand a movement of the mass
in a definite path and direction, all particles

having the same velocity, the latter its simul-
taneous motion in another path and direc-
tion, the particles having different velocities.

This abstract idea of angular motion is

chiefly responsible for the illusion of the
moon's axial rotation, which I shall en-
deavor to dispel by additional evidences.
With this object attention is called to

Fig. 5 showing a system composed of eight

balls M, which are carried on spokes S,

radiating from a hub H, rotatable around
a central axis in bearings supposed to be
frictionless. It is an arrangement similar

to that before illustrated with the exception
that the halls, instead of forming parts of
the spokes, are supported in screw pivots s,

which are normally loose but can be tight-

ened so as to permit both free turning and
rigid fixing as may be desired. To facili-

tate observation the spokes are provided
with radial marks and the lower sides of
the balls are shaded. Assume, first, that

the drawing depicts the state of rest, the
halls being rotatable without friction, and
let an angular velocity " = 2 » n be im-
parted to the system in the clockwise direc-
tion as indicated by the long solid arrow.
Viewing a ball as M, its successive positions

1, 2, 3—8 in space, and also relatively to

the spoke, will be just as drawn, and it

is evident from an inspection of the dia-

gram that while moving with the angular
velocity w about 0, in the clockwise direc-
tion, the hall turns, with respect to its axis,
at the same angular velocity hut in the op-
position direction, that of the dotted ar-
row. The combined result of these two
motions is a translatory movement of the
hall such that all particles are animated
with the same velocity V, which is that of
its center of gravity. In this case, granted
that there is absolutely no friction the
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kinetic energy of eacli ball will be
given by the product of '/i M V not
approximately, but with mathematical
rigor. If now the pivots are screwed
tight and the balls fixt rigidly to the

spokes, this angular motion relatively

to their axes becomes physically im-
possible and then it is found that the

kinetic energy of each ball i> in-

creased, the increment being exactly

the energy of rotation of the ball on
its axis. This fact, which is borne
out both by theory and experiment, is

the foundation of the general notion
that a gyrating body—in this instance

ball M—presenting always the same
face towards the center of motion,
initially rotates upon its axis in the

same sense, as indicated by the short
full arrow. But it docs not tho to

the eye it seems so. The fallacy will

become manifest on further inquiry.

To begin with, observe that when
a mass, say the armature of an elec-

tric motor, rotating with the angular
velocity <»', is reversed, its speed is

— <» and the difference « — (— "')

= 2«. Now, in fixing the ball to the
spoke, the change of angular velocity

is only « ; therefore, an additional
velocity <•> would have to be imparted
to it in order to cause a clockwise
rotation of the ball on its axis in the

true significance of the word. The
kinetic energy- would then be equal to

the sum of the energies of the translatory
and axial motions, not merely in the ab-
stract mathematical meaning, but as a phy-
sical fact. I am well aware that, according
to the prevailing opinion, when the ball is

free on the pivots it does not turn on its

axis at all. and only rotates with the angu-
lar velocity of the frame when rigidly at-

Fig. 6. Diagram Showing a Ball Having
Mass M, of Radius r. Rotating About Center
O, and Used in the Theoretical Analysis of

the Moon's Motion.

tached to the same, but the truth will ap-

pear upon a closer examination of this

kind of movement.
Let the system be rotated as first assumed

and illustrated, the balls being
perfectly free on the pivots, and
imagine the latter to be gradu-
ally tightened to cause friction

slowly reducing and finally pre-

venting the slip. At the outset

all particles of each ball have
been moving with the speed of
its center of gravity, but as the

bearing resistance asserts itself

more and more the translatory

velocity of the particles nearer
to the axis will be diminishing,
while that of the diametrically

opposite ones will be increasing,

until the maxima of these

changes are attained when the

balls are firmly held. In this op-
eration we have thus deprived

Fig. 5. This Diagram Represents a System Composed of
8 Balls M, Carried on Spokes S, and Rotating Around
Center O. The Balls Are Freely Rotatable on Pivots
Which Can Be Tightened. With This Model the Fallacy

of the Moon's Rotation on Its Axis Is Demonstrable.

those parts of the masses which are nearer
to the center of motion, of some kinetic en-

ergy of translation while adding to the en-
ergy of those which are farther and, obvi-

ously, the gain was greater than the loss so

that the effective velocity of each ball as a
whole was increased. Only so have we aug-
mented the kinetic energy of the system, not

by causing axial rotation of the balls. The
energy E of each of these is solely that of

translatory movement with an effective ve-

locity Ve as above defined such that E =
y2 M Ve2

. The axial rotations of the ball in

either direction are but apparent ; they have
no reality whatever and call for no mechani-
cal effort. It is merely when an extraneous
force acts independently to turn the whirl-
ing body on its axis that energy comes into

play. Incidentally it should be pointed out
that in true axial rotation of a rigid and
homogenous mass all symmetrically situated

particles contribute equally to the momen-
tum which is not the case here. That there

exists not even the slightest tendency to

such motion can, however, be readily estab-

lished.

For this purpose I would refer to Fig. 6
showing a ball M of radius r, the center C
of which is at a distance R from axis and
which is bisected by a tangential plane pp as
indicated, the lower half sphere being shaded
for distinction. The kinetic energy of the
ball when whirled n times per second about

is according to the first form of expression
E = y2 M V.2 = y2 M (2 7rRg n)

2
, M being

the mass and Re the radius of gyration. But,
as explained in connection with Fig. 4, we
have also E= J/2 MV!-r/2l^,V = 2^Rn
being the velocity of the center of gravity
C and Ie the moment of inertia of the ball,

about the parallel axis passing thru
C and equal to -'; M r ^> that E =
!, M (2* Rn)'+ 'A M r (2 « n)*.

Neither of these two expressions for

E describes the actual state of the

body but the first is certainly prefer-
able conveying, as it does, the idea of

a single motion instead of two, one
of which moreover is devoid of ex-
istence. I shall first undertake to

demonstrate that there is no torque
or rotary effort about center C and
that the kinetic energy of the sup-
posed axial rotation of the ball is

mathematically equal to zero. This
makes it necessary to consider the

two halves separated by the tangen-
tial plane pp wholly independent from
one another. Let Ci and c2 be their

centers of gravity, then Cci = Cc2

= y% r. In order to ascertain the

kinetic energy of the hemispheres we
have to find their radii of gyration
which can be done by determining the

moments of inertia Ic, and Ic2 about
parallel axes passing thru o and C*.

Complex calculation will be avoided
by remembering that the moment of
inertia of either one of the half

spheres about an axis thru C is Ic
— y* X H M r

2
, = ys M r

2
, and

since M = 2 m, Ic = H m r
2

. This
can be exprest in terms of the mo-
ments Ici and Ic: ; namely, Ic = I«i +
m (y8 r)' — Ic,+ m (ft r)

2
. Hence

Ici = Ic2 = Ic — m (yt r)
2 = y5 m r

2 —
9/64 m r

2 = 83/320 in r
2

. Following the
same rule the moments of inertia of the
half spheres about the axis passing thru the

center of motion can be found. Designating

the moments for the upper and lower halves

of the ball, respectively, Irji and Ir> we
have Ioi = m (R + y& r)

2 + L, = m (R
+ Yi r)

2 + 83/320 m r
2 and I = = m (R

Fig. 7. Here Two Masses m-m, Are Con-
sidered as Condensed Into Points, Attached
to Weightless Strings of Different Radii. If

Both Strings Are Cut, and the Masses Con-
sidered as Joined, Then There Will Be No
Rotation About the Common Center of

Gravity.

— Y% r)
2 + I* = m (R - H r)

2 + 83/320
m r. Thus for the upper half sphere the

radius of gyration Rg i =

Fig. 8. To Make the Problem Shown in Fig. 7 Clear, Imagine Two
Rifle Barrels Parallel to Each Other. If Two Balls M-M Are Fired
Simultaneously, Joined by a Theoretical Bond. They Will Revolve
About Their Common Center of Gravity, Proving That the Moon

Possesses Only Kinetic Energy of Translation.

- V% r)
2

+ 83/320 r
2

These are the distances from
center 0, at which the masses of

the half spheres may be con-
centrated and then the algebraic

sum of their energies—which are

wholly translatory those of axial

rotation being nil—will be exact-

ly equal to the total kinetic en-

ergy of the ball as a unit. The
{Continued on page 156)
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RADIO DEPARTMENT

^allb

Early In Nikola Tesla's Researches— In Fact as Far Back as 1892— He Discovered a Most Peculiar and Wonderful Vacuum Bulb Phenom-
ena. The Effect was That, Under Certain Critical Conditions, This Bulb Would Cause a Ray to Be Shot off In the Manner Shown, Which
Ray Would Revolve or Oscillate Under the Influence of a High-Frequency Current and in Synchrony with It. By Utilizing This Principle,

Dr. Tesla Believes It is Possible to Produce a Radio Detector More Sensitive Than the Audion or Fleming Valve.

IN
the May issue in his article, "True

Wireless." Xikola Tesla mentions the
forerunner of the Audion, a Vacuum
Bulb, which he used in his earlier ex-
periments.

We have been in receipt of numerous let-

ters from many individuals interested in
this bulb who desire further particulars as
to its operation, etc.

Accordingly, we publish herewith some
excerpts from a lecture by Dr. Tesla de-
livered before the Institution of Electrical

Engineers and Royal Institution, London,
February, 1892.

"I think it best at this juncture to bring
before you a phenomenon, observed by me
some time ago. which to the purely scien-
tific investigator may perhaps appear more
interesting than any of the results which I

have the privilege to present to you this

evening.
"It may be quite properly ranked among

the brush phenomena—in fact, it is a brush,
formed at, or near, a single terminal in high
vacuum.

"In bulbs provided with a conducting ter-

minal, tho it be of aluminum, the brush
has but an ephemeral existence, and cannot,
unfortunately, be indefinitely preserved in

its most sensitive state, even in a bulb de-
void of any conducting electrode. In study-
ing the phenomenon, by all means a bulb
having no leading-in wire should be used.
I have found it best to use bulbs con-
structed as indicated in Figs. 1 and 2.

"In Fig, 1 the bulb comprises an incan-
descent lamp globe L, in the neck of which
is sealed a barometer tube b, the end of
which is blown out to form a small sphere
j. This sphere should be sealed as closely
as possible in the center of the large globe.
Before sealing, a thin tube t, of aluminum
sheet, may be slipt in the barometer tube,
but it is not important to employ it.

"The small hollow sphere s is filled with
some conducting powder, and a wire w is

cemented in the neck for the purpose of
connecting the conducting powder with the
genera
"The construction shown in Fig. 2 was

chosen in order to remove from the brush
any conducting body which might possibly

affect it. The bulb consists in this case of
a lamp globe L, which has a neck n, pro-
vided with a tube b and small sphere s,

sealed to it, so that two entirely indepen-
dent compartments are formed, as indicated

in the drawing. When the bulb is in use
the neck « is provided with a tinfoil coat-

ing, which is connected to the generator
and acts inductively upon the moderately
rarefied and highly conducting gas inclosed
in the neck. From there the current passes
thru the tube b into the small sphere s,

to act by induction upon the gas contained
in the globe L.

"It is of advantage to make the tube /

very thick, the hole thru it very small, and
to blow the sphere J very' thin. It is of

the greatest importance that the sphere s
be placed in the center of the globe L.

"Figs. 3, 4, 5, indicate different forms, or
stages, of the brush. Fig. 1 shows the brush
a- it fir-t appears in a bulb provided with a
conducting terminal; but, as in such a bulb

it very soon disappears—often after a few
minutes—I will confine myself to the de-

(Continued on page 179)
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They replace steel
phonograph needles !

SO N O R A Semi-Permanent
Silvered Needles are for use

on ALL MAKES of steel needle

records. They play 50 to 100

times, mellow the tone, are more
economical, more convenient,
save constant needle changing,
and increase the life of the

records.

STMI IHSTflUKtKT Of QUALITY

onorj
CLEAR AS A BELL ^

Semi-Permanent Silvered

NEEDLES
Study these microphotographs,
Fig. A shows an ordinary steel

needle after playing one record.
Notice that the point is worn
off. Fig. B shows Sonora Needle
after playing one record. No
wear is perceptible. Fig. C
shows Sonora Needle after play-
ing over 50 records. Needle has
worn down, but is still in splen-
did playing condition.

3 Grades: Loud—Medium Soft
.'JOc per card of 5. In Canada H)«

FREE
Sample Sonora Needle will
be sent FREE on request.
Write for it today. Note
how many times it plays.

^oixora phonograph Sales
Cnmpann, 3nc.

GEORGE E. BRIGHTSOX. President
Broadway, Dcpt. G, New V..rk

Uyrie Building

Send Only 12c
(Stamps or Coin)

And I «ill wild you ;i copj ,,t mi raluable
!"»,kk-t.

"Hints to Music Loving
Owners of Talking Machines"
Till- you bow to tike care of your machine an.l

Brit the lift of both, ami «u,. ,„.,„,

Hie lone of your In

I it In Iru.l- on :t

of Iht motor, cleaning, speed adjii-iiniil. care ol iIih

el—In fart every thing you ...,,,i

lay and the booklet uiu eoau bj retura

J. H. ELLIS, Box 882, Milwaukee, Wis.
Patentee i Manufacturer. Ellis Harmonious Reproducer

You Can RENT
This Phonograph

. plan I Jin
Superior Phonograph
Days' Trial: Ptajl all make

Young
on 30

if .lis. n
lUfb /tmhil ./,,,./..-

t»rrfti». $125 Value (or $62.50.
"IrtalK ,; |, lurnalii rw
ofTi-r.-U. Offer Limited. Write Today
YOUNG'S SUPERIOR PHONOGRAPH

<U W Madison St Orpt P26. Chicago. Ill

GetThis Car
And the AGENCY

. / V
In YOUR Territory
Drive « new 1919 Birch /j

' OUR avn<j p*k«/ft*2]
«<*>d tDont-T ortUr.tr Uircb >|»' icm to roar friend* •r,d 3«h.p..
DcttTfabor.. Thry »,„ f..i[, W.B.,J2t
rwau>u*d. fromt'tshiE.mraU. Wm«Qujrk for full infonjutioQ.

1 C M.dtftox SL
ILLINOISBIRCH MOTOR CARS SftSSo

Tike OiTcSiclle
titiiiucd from page 14oi

as the diagram shows. Those you show in

your letter are not correct, for they give
like polarit} mi each pole, which is wrong.
We have no data on the starting coil di-

mensions, but you can arrive at this bj

experiment, or else b\ getting in touch
with the manufacturers of a similar sized

motor.
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Proper Connection of Poles Composing Starting Winding of Induc-

tion Motor.

SPECIAL 110 VOLT TO 12 VOLT
A. C. TRANSFORMER.

i 1010 i August Kling, Mobile. Ala., writes :

Q. 1. Asking for data on building a

small step-down transformer to give 12

volts at the secondary, which lie desires
split into two coils. Total output 50 watts.

A. 1. We i;ive herewith data on double
wound closed core transformer to step-

down 110 volts oO cycle A. C. to a maxi-
mum secondary voltage of 12 volts.

The laminated sheet iron core for this

transformer may measure 5 inches wide by
6 inches long, and have a cross-section of
1 inch by ' j inch. At either end of the

two longer legs, as the diagram herewith
shows, two primary windings may be placed,
each of them consisting of 200 turns of
Xo. 18 D. C. C. magnet wire. At either end
of the two long legs, the two secondary
windings may be placed, as the diagram
shows, each of these developing about 12

volts and about 2 amperes, or giving 12

volts and 4 amperes or 50 watts, the total

output you request for both secondaries
connected in parallel. It is understood that

both primaries in this design are to he con-
nected in series on 110 volt 60 cycle A. C.

at all times, i.e.. whenever the transformer
is used. The secondary windings each con-
sist of 45 turn- No. 12 B. & S. gage D. C. C.
magnet wire, the secondary being wound
on either leg beside the primary coil.

100-WATT, 32 TO 8-VOLT STEP-
DOWN TRANSFORMER.

(loll i Claude Carefoot, Pasqua, Sask.,
i anada, inquires

:

Q. 1. For data on step-down trans-
former to reduce 32 volts too \olts. A. r
A. 1. We do not of course know how

many waiis you wish the transformer to

carry', but we gi\e
you herewith data on
a 100-watt transform-
er. T h e laminated
sheet iron core may
be about 8" long by
o" wide and thickness
of 1". The core
should have a cross-
section of 1 square
inch. The primary
winding, on one leg

of the transformer,
should consist of 230
turns of No. 11 D.C.I .

magnet wire.

The secondary winding should have 5.S

turns of No. 5 D.C.C. magnet wire.

My Siraveiratlnoinis
By Nikola Tesla

(Continued from page 112)

Prim
roit

'

Sec
i2v ?amp.

Iron core

Set

12V

IIOV. 60'» A C
so noIt step dom Trans

f

Details of 110-Volt to 12-Volt A. C. Trans-
former. Secondary Coils May Be Connected

In Parallel or In Series.

With respect to taking off taps on the
secondary for different voltages, you can
easily divide up the total number of turns
mi the secondary yourself by means of a
-mall battery voltmeter. You can readil)
test the potential by experiment. The volt-

age in an) case is directly proportionate to

the number of turns in use.

any special thought of our far more impera-
tive necessities. The "Magnifying Trans-
mitter" was the product of labors extend-
ing through years, having for their chief
object the solution of problems which are
infinitely more important to mankind than
mere industrial development.

If my memory serves me right, it was in

November, 1890, that I performed a labora-
tory experiment which was one of the most
extraordinary and spectacular ever recorded
in the annals of science. In investigating
the behaviour of high frequency currents
I had satisfied myself that an electric field

of sufficient intensity could be produced in

a room to light up electrodeless vacuum
tubes. Accordingly, a trans former was
built to test the theory and the first trial

proved a marvelous success. It is difficult

to appreciate what those strange phenomena
meant at that time. We crave for new sen-
sations but soon become indifferent to them
The wonders of yesterday are today com-
mon occurrences. When my tubes were
first publicly exhibited they were viewed
with amazement impossible to describe
From all parts of the world I received
urgent invitations and numerous honors
and other flattering inducements were of-

fered to me, which I declined.

In Faraday's Chair

But in 1892 the demands became irresis

tible and I went to Loudon where I de
livered a lecture before the Institution of

Electrical Engineers. It had been my in-

tention to leave immediately for Paris in

compliance with a similar obligation, but
Sir James Dewar insisted on my ap-
pearing before the Royal Institution. I

was a man of firm resolve but succumbed
easily to the forceful arguments of thi

j^reat Scotchman. He pushed me into a
chair and poured out half a glass of a won-
derful brown fluid which sparkled in all

sorts of iridescent colors and tasted like

nectar. "Now," said he, "you are sitting

in Faraday's chair and you are enjoying
whiskey he used t" drink." In both aspects

it was an enviable experience. The next

evening I gave a demonstration before that

Institution, at the termination of which
Lord Ivayleigh addressed the audience and
bis generous ,-ords gave me the first start

in these endeavors. I fled from London
and later fn n Paris t,, escape favors

1
1 onttnucd on poo,- 17.1

1

1 r?,ifcr tcAi i riling
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CELEBRATED Physicians and lead-

ing Beauty Specialists receive fabu-

lous fees for treating with the Violet

Raw You can have a health doctor and

beauty specialist right in your own home
for your daily service at an average cost

of less than a penny stamp.

The SterlitiK High Frequeucj Violet Raj

was specially designed for home us*—fitted to

w..rk from the ordinary lamp socket—easy to

manipulate- under control at all times—and
contains within its covers the Services of a

servant, a doctor of medicine, and a nerve and
beauty specialist- all it one, read} for instant

service.

ItlMIVNIin

Strength, Unlimited Vitality&
Improved 'Zhrsonal J%ppear<ance

STERLING
NIGH FREQUENCY

VIOLET RAY

—eliminate waste, toxins, and poisons

—

ALL enemies of youthfulness.
Sterling Violet Ray Generators are

the creations of Mr. Anthony Longoria,
our Chief Designing Engineer, whose
long years of practical experience in the

designing and operation of Violet Ray
Generators entitle him to the command-
ing position he holds in their manufac-
ture. Thev are based upon the original

discoveries' of Nikola Tesla, first given

to the world in May. 1891, but have
been developed to the highest state of

perfection ever reached in this type
nt" generators.

Book and Valuable Information Free
We want to send you nur book and full particulars about the Sterling Violet
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[Continued from page 133)

significance of litis will lie understood by
reference to Fig. 7 in which the two
masses, condensed into points, are repre-

sented as attached to independent weight-
less strings of lengths Re and Rr which
are purposely shown as displaced but
should be imagined a- coincident. It will

be readily seen that if both strings are cut

in the same instant the masses will fly off in

tangents to their circular orbits, the angular
movement becoming rectilinear without any
transformation of energy occurring. Let

us now inquire what will happen if the two
masses are rigidly joined, the connection
being assumed imponderable. Here we
come to the real bug in the question under
discussion. Evidently, so long as the whirl-

ing motion continues, and both the masses
have precisely the same angular velocity,

this connecting link will be of no effect

whatever, not the slightest turning effort

about the common center of gravity of the

masses or tendency of equalization of ener-

gy between them will exist. The moment
the strings are broken and they are thrown
off they will begin to rotate but, as pointed
out before, this motion neither adds l< > or
detracts from the energy stored. The ro-

tation is, however, not due to an exclu-
sive virtue of angular motion, but to the
fact that the tangential velocities of the
masses or parts of the body thrown off

are different.

To make this clear and to investigate the

effects produced, imagine two rifle barrel-.

as show-n in Fig. 8, placed parallel to each
other with their axes separated by a dis-

tance R« — R B : and assume that two balls

of same diameter, each having mass m. are
discharged with muzzle velocities V, and
V«, respectively equal to 2 * n RB i and 2* n
Rgj as in the case just considered. If it be
further supposed that at the instant of leav-

ing the barrels the balls are joined by a
rigid but weightless link they will rotate

about their common center of gravity and
in accordance with the statement in my
previous article above mentioned, the rela-

V,— V2

tion will exist = >r n (R« — R»»)

2
n being the number of revolutions per sec-

ond. The equalization of the speeds and kin-

etic energies of the balls will be. under these

circumstances, very rapid but in two heav-
enly bodies linked by gravitational attrac-

tion, the process might require ages. Now,
this whirling movement is real and requires

energy which, obviously, must be derived
from that originally imparted and, conse-
quently, must reduce the velocity of the

balls in the direction of flight by an amount
which can be easily calculated. At the

moment of discharge the total kinetic ener-

gy was E = lA m \V + l/zm V»* which is

evidently equal to m V», Vs being the ef-

fective velocity of the common center of

gravity, from which follows that Y2 =
Vi*

masses t-.

The speed of revolution of

v,- \

><

rotational energy of both ba

be considered as point-, i- e

and the

which must

Tin kinetic energy of translation in the

direction of flight is then $4 m Vi" -r '- mW
m ( ) = m

/V.-VA'

anslation in tl

i m \7 + ! i

v. = being the -peed of the

'.nthi t>} mentiot perimenter" when writing n advertisers.
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mon center oi gravity, so that \ .

— \«
is the loss of velocity in the direction of flight

owing to the rotation of the two mast points.

If instead of these we would deal with the

halN as they are, their rotational energ}

/V, + V,\
ft= e+ i <r = m I

-
I

• i(2rn)

of each hallbeing the moment of inertia

about its axis
As will be seen, we arrive at precisely the

same results whether the movement i> recti-

linear or in a circle. In both cases the total

kinetic energy can be divided into two
parts, respectively of the same numerical
values, but there is an essential difference.

In angular motion the axial rotation is noth-

ing more than an abstract conception; in

rectilinear movement it is a positive event.

Virtually all satellites rotate in like man-
ner and the probability, that the accelera-

tion or retardation of their axial molions
if they ever existed—should come to a stop

precisely at a definite angular velocity, is in-

finitesimal while it is almost absolutely cer-

tain that all movement of this kind would
ultimately cease. The most plausible view is

that no true moon has ever rotated on its

axis, for at the time of its birth there must
have been some deformation and displace-

ment of its center of gravity thru the at-

tractive force of the mother planet so as to

make its peculiar position in space, relative

to the latter, in which it persists irrespective

of distance, more or less stable. In ex-
planation of this, suppose that one of the
balls as M in Fig 5 is not of homogenous
material and that it is similarly supported
but on an axis passing thru its center of
gravity instead of form. Then, no matter
in what position the ball is fixed on the

pivots, its kinetic energy and centrifugal
pull will be the same. Nevertheless a di-

rective tendency will exist as the two cen-
ters do not coincide and there is, conse-
quently, no dynamic balance. When per-
mitted to turn freely on the axis of gravity
the body, of whatever shape it may be. will

tend to place itself so that the line joining
the two centers points to O and there may
be two positions of stability but. generally,
if the center of gravity is not greatly dis-

placed, the heavier side will swing out-
wardly. Such condition may obtain in the
moon if it had solidified before receding
from the earth to great distance, when the

i Continued on page 160)

POPULAR
AOTR0NOMI
Tlhe IcCvoltuittaoia of

fclhe Stars
(Continued from page 121 1

Canopus, one of the giants of the universe.

The transition of this type into the solar

type stars of class G, to which our sun be-

longs, occurs when the group of iron lines

known as group G begins to appear (see

diagram I). The lines of calcium and hy-
drogen still remain more intense than any
other lines in the spectrum, but many fine

metallic lines now appear in ever-increasing
intensity. The transition of this type into

the advanced solar type K occurs when
some of the metallic lines surpass the hy-

drogen lines in intensity. The group of
iron lines has also greatly increased in in-

tensity until it becomes one of the most
conspicuous features of the K type stars.

Stars of the solar type such as Capella and
the sun are yellow, and stars of the ad-

vanced solar type, such as Arcturus and
Aldebaran, are orange colored bordering on
red. Their atmospheres are filled with

dense metallic vapors. (See photos of solar

and advanced solar type spectra.)

Class M is divided into giant and dwarf
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TIhe Mooa's

By Nikola Testa

intiiiued from page 157)

. men) of the masses in its interior

became subject to gravitational forces of
its own, vastly greater than the terrestrial.

It has been suggested that the planet is

egg-shaped .>r ellipsoidal hut the departure
f r. > in spherical form must he inconsider-

able. It ma\ even he a perfect sphere with
the center-, of gravity and symmetry coin-

ciding and still rotate a> it does. Whatever
he its origin and pa^t history, the fact is,

that at present all its parts have the same
angular velocity as though it were rigidly

connected with the earth. This state must
endure forever unless forces from without
the hma-terrestrial system bring about dif-

ferent conditions and thus the hope of the

star-gazers that its other side may become
visible some day must be indefinitely de-

ferred.

A motion of this character, as I have
shown, precludes the possibility of axial

rotation. The easiest way to free ourselves
of thi> illusion is to conceive the satellite

subdivided into minute and entirely inde-

pendent parts, as dust particles, which have
different orbital, but rigorously the same
angular, velocities. One miM at once
recognize that the kinetic energy of such an
agglomeration is >olely translational, there

being absolutely no tendency to axial ro-

tation. This makes it also perfectly clear

why the moon, provided its distance does
not greatly increase. >nust always turn the

same face to us even without any inherent

directive tendency nor so much as the

slightest effort from the earth.

Referring to the librations of longitude,

I do not see that they have any bearing on
this question. In astronomical treatises the

axial rotation of the moon is accepted as a

material fact and it is thought that its angu-
lar velocity is constant while that of the

orbital movement is not. this resulting in an
apparent oscillation revealing more of its

surface to our view. To a degree this may
be true, but I hold that the mere change
of orbital velocity", as will be evident from
what has heen stated before could not
produce these phenomena, for no matter
how fast or slow the gyration, the posi-

tion of the body relative to the center
of attraction remains the same. The real

cause of these axial displacements is the
changing distance of the moon from the

earth owing to which the tangential com-
ponents of velocity of its parts are varied.

In apogee, when the planet recedes, the

radial component of velocity decreases
while the tangential increases but, as the
decrement of the former is the same for all

parts, this is more pronounced in the re-

gions facing the earth than in those turned
away from it, the consequence being an
axial displacement exposing more of the

eastern side. In perigee, on the contrary,
the radial component increases and the ef-

fect is just the opposite with the result that

more of the western side is seen. The
moon actually swings on the axis passing
thru its center of gravity on which it is

supported like a ball on a string. The
forces involved in these pendular move-
ments are incomparably smaller than those
required to effect changes in orbital ve-

locity. If we estimate the radius of gyra-

tion of the satellite at 600 miles and its

mean distance from the earth at 240,000
miles, then the energy necessary to rotate

it once in a month would be only

1

of the kinetic energy

1 k 'JIIV V 111 ,

/ 600 \

"

'

240,000 160.000

,f the orbital movement.
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By Nikola Tesla

I
i ont'mued • i»i page 1 18 I

.wered upon me, and journeyed to my
home where I passed through a most pain-

ful ordeal and illness. Upon regaining my
health 1 hegan to formulate plans for the

resumption of work in America. Up to that

time I never realized that I possessed any
particular gift of discovery but Lord Ray-
leigh, whom 1 always considered as an ideal

man of science, had said so and if that was
the case 1 felt that I should concentrate on

big idea.

Nature's Trigger.

One day. as I was roaming in the moun-
tains, 1 sought shelter from an approach-
ing storm. The sky hecame overhung with
hea\ \ clouds but somehow the rain was
delayed until, all of a sudden, there was a

lightning flash and a feu moments after

a deluge. This observation set me think-

ing. It was manifest that the two phe-
nomena were closely related, as cause ami
effect, and a little reflection led me to the

conclusion that the electrical energy in-

volved in the precipitation of the water
was inconsiderable, the function of light-

ning being much like that of a sensitive trig-

ger. Here was a stupendous possibility of

achievement. If we could produce electric

effects of the required quality, this whole
planet and the conditions of existence on
it could be transformed. The sun raises

the water of the oceans and winds dri\e

it to distant regions where it remains in

a state of most delicate balance. If it were
in our power to upset it when and wher-
ever desired, this mighty life-sustaining

>tream could be at will controlled. We
could irrigate arid deserts; create lakes and
rivers and provide motive power in un-
limited amounts. This would be the most
efficient way of harnessing the sun to the

uses of man. The consummation depended
on our ability to develop electric forces of
the order of those in nature. It seemed a

hopeless undertaking, but I made up my
mind to try it and immediately on my re-

turn to the United States, in the summer
of 1892, work was begun which was to me
all the more attractive, because a means
of the same kind was necessary for the

successful transmission of energy without
wires.

Four Million Volts.

The first gratifying result was obtained
in the spring of the succeeding year when
I reached tensions of about 1,000,000 volts

with my conical coil. That was not much
in the light of the present art. but it was
then considered a feat. Steady progress
was made until the destruction of my labor-

atory by tire in 1895, as may be judged
from ,m article by T. C. Martin which ap-

peared in the April number of the Century
Magazine. This calamity set me back in

many ways and most of that year had to

be devoted to planning and reconstruction.

However, as soon as circumstances per-

mitted. I returned to the task. Although
I knew that higher electro-motive forces

were attainable with apparatus of larger
dimensions. I had an instinctive perception
that the object could be accomplished by
the proper design of a comparatively small
and compact transformer. In carrying on
tests with a secondary in the form of a
flat spiral, as illustrated in my patents, the
absence of streamers surprised me, and it

was not long before I discovered that this

was due to the position of the turns and
their mutual action. Profiting from this

observation I resorted to the use of a high
tension conductor with turns of consider-
able diameter sufficiently separated to keep !

down the distributed capacity, while at the
(Continued on page 176)
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the other fellow misses if

you have one of

Brandes "Superior" Head Set, com-
plete with head band, $6. A profession-
al set within the means of every ama-

teur. 2000 ohms. B
RANDES
Wireless
Headsets

They enable you to "hear with both ears" because Brandes
diaphragms are perfectly matched for tone, and both re-

ceivers are perfectly tuned together. Handsome, well
made, fine quality.

Send for Your Set Today
Your money back it Brandes Headsets don't prove better than any
you've used in clearness, sensitiveness and range.

'klet "E" will be sent upon receipt of 4c in stamps.

C. BRANDES, Inc.
ROOM 814

// ireless Receiver Specialists

32 UNION SQUARE N E W YORK CITY

Complete line of Brandes receivers for those in Western States and Pacific
Coast. Catalogue "E" on request.

Balboa Building FORD KING San Francisco, Cal.

Universal Radio Apparatus
The Universal Radio Manufacturing Corporation has taken over the

business previously conducted by the Mignon Wireless Corporation and is

prepared to furnish all of the Mignon system instruments, built according to
the original Mignon specifications. In addition to these, the Corporation "has
recently perfected a series of new type instruments which for efficient work
and real service have never been equalled. rr,,„ T-„ ; , , .M the universal complete

line of High Quality
Radio Apparatus now in-
cludes

Cabinet Receiving Sets
Transmission Sets
Loose Couplers
Undamped Wave Re-
ceivers
Time Signal Sets
Detectors, etc.

These •Universal"' instru-
ments embody ttie very latest
advances in the art of radio
communication and are far in
advance of other instruments
of this type. Every detail in
their design has been carefully
worked out, and the circuit con-
stants have been computed with
scientific accuracy to give max-
imum results when properly
used. Materials and workman-

Regerative Receiver, 200-2500 meters ship are of the highest quality.

Every piece of "Universal" apparatus must pass a series of rigid tests before being
allowed to leave the factory, and we unconditionally guarantee every piece of "Universal"
apparatus to be exactly as represented, and will cheerfully refund the purchase price if the
Instrument fails to make good for any reason.

Write To-dav for Free Catalog

UNIVERSAL RADIO MFG. CORPORATION
SUCCESSOR TO MIGNON WIRELESS CORPORATION

ELMIRA, NEW YORK

o. Q*
f-'

^^^
» e V

j&$k **£*.».#*''-•%

You benefit by mentioning the "Electrical Experimenter" when uniting to advertise
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MESCO

Wireless Receiving Ban Raised

MESCO WIRELESS PRACTICE SET
Thr prises a regular t< legrapb

key, wtthoul circuit breaker, .( special blgb pitch
p, one cell Red Seal Dry Battery, and four feet

•n silk covered flej

The kt-y and buzzer .ire mounted on .1 highly fln-

Ished n i base, and three nickel plated binding
posts are so connected thai the set ma 3 be used foi

Ave different purp
List So. Price
342 Telegraph Practice Set, with Batter-
Cord $3.24
Weighs 4 lbs. packed.
Price does not include postage.

Combination Practice'Set for.Learning the Morse and Continental
Visual and]Aubible Codes

ttfll Is the wtfj reliable Instrument which will

students t<> become proficient operators In the

i" S N'.n.u Sen it is equipped with a

buzzer and miniature lamp enabling the user to n

both tin' visual and SUdible signals quickly

List No. 52—Practice Set with Red Seal Battery

and Cord $4.05

Weighs 4 lbs. packed. Price does not include postage.

MESCO RADIO BUZZER
This buzzer maintains a constant note and is recommended as

an exciter for checking nravemeters where pure note and ample

U
energy are required,

gagglS H "insists nf practically a closed circuit field of low reluct.
nice, having 1 steel armature to which is riveted a strap

Vr"l «=^ supporting a movable contact. The armature tension is adjust-
Kjiwt^jr^ggi aide by means ,,f a screw with a milled head large enough to be

WfifiKiBsbfQS easily an. I permanent!) adjusted with the fingers. The stationary™ •* contact is adjusted In means of a similar screw. The magnet
"Is ne connected in series with a total D. C. resistance of 3.9

.ilniis. Shunted across these coils is a resistance having a D. C.
value of 3 "Inns This shunt eliminates all sparking such as
occurs it the break on ordinary radio buzzers and the energy
aved thereby is transferred into any oscillating circuit con-
nected to it, the result being that this buzzer as constructed

radiates five times more energy than any other existing type. All connecting wires liable to be
broken are eliminated. Contacts are of genuine platinum, which is essential in order to maintain a
.-.instant note. The parts are mounted on a Condensate base to insure constancy in operation.

Diameter 2 in., height l'i in. The cap is attached to the base by a bayonet joint.
List No. Price
55 Mesco Radio Buzzer $2.05

We carry a Large and Complete Line]of Standard Wireless Material Recognized
by Experts as such with Competent Experienced Wireless Attendants in Charge

Send for the New Edition of Our Catalog W28
It is pocket size, contains 264 pages, with over 1.000 illustrations, and describes in plain, clear

language all about Bells. Push Buttons. Batteries. Telephone and Wireless Telegraph Material. Elec-
tric Toys. Burglar and Fire Alarm Contrivances. Electric Call Bells. Electric Alarm Clocks. Medical
Batteries. Motor Boat Horns. Electrically Heated Apparatus. Battery Connectors. Switches. Bat-
tery Gauges. Wireless Telegraph Instruments. Ignition Supplies, etc.

Manhattan Electrical Supply Co., Inc.
NEW YORK:
i; Part

CHICAGO:
lit S. Wells St

San Francisco Office: 604 Mission St.

ST. LOUIC:
11H6 Pine St

A New Bulletin of
Experimental Radio

Apparatus
That embodies the most modern principles of radio
engineering and design, hacked by the reliability

of tweh e years experience in the manufacture of
Radio Instruments, will he mailed upon request.

CLAPP-EASTHAN COMPANY
1 l\ Main Street Cambridge, Mass.

My Smiveinittnoir&s
By Nikola Tesla

•ntinued from page 173)

satin' time preventing undue accumulation
of the charge at any point. I he applica
tinii of this principle enabled me to pro
(luce pressures of 4,000,000 volts, which
was about the limit obtainable in mj new
laboratory at Houston Street, as the dis-

charges extended through a distance of 16

Eeet. A photograph of this transmitter
was published in the Electrical Review oi

November, 1898. In order to advance fur-
ther along this line I had to go into the

open, and in the spring of 1899, having
completed preparations tor tin- erection oi
a wireless plant. 1 went to ' olorado where
I remained for more than one year. Here
1 introduced other improvements and re-

finements which made it possil>l e to gener-
ate currents of any tension that may be
desired. Those who are interested will find

some information in regard lo the experi
ments 1 conducted there in my article, The
Problem of Increasing Human Energy" in

the Century Magazirte of June, 19(11), to

which 1 have referred on a previous occa-
sion.

The Magnifying Transmitter.

I have been asked by the ELECTRICAL EX-
PERIMENTER to be quite explicit on this sub-
ject so that my young friends among the
readers of the magazine will clearly under-
stand the construction and operation of my
"Magnifying Transmitter" and the pur-
poses for which it is intended. Well, then,
in the first place, it is a resonant transfor-
mer with a secondary in which the parts,

charged to a high potential, are of con-
siderable area and arranged in space along
ideal enveloping surfaces of very large radii

of curvature, and at proper distances from
one another thereby insuring a small elec-

tric surface density everywhere so that no
leak can occur even if the conductor is

hare. It is suitable for any frequency, from
a few to many thousands of cycles per sec-

ond, and can he used in the production of
currents of tremendous volume and moder-
ate pressure, or of smaller amperage and
immense electro-motive force. The maxi-
mum electric tension is merely dependent
on the curvature of the surfaces on which
the charged elements are situated and the
area of the latter.

100 Million Volts Possible.

Judging from mv past experience, as
much as 100,000.000 volts are perfectly

practicable. On the other hand current-
of many thousands of amperes may he ob-
tained in the antenna. A plant of but very
moderate dimensions is required for such
performances. Theoretically, a terminal of
less than 90 feet in diameter is sufficient

to develop an electro-motive force of that

magnitude while for antenna currents of
from 2,000-4,000 amperes at the usual fre-

quencies it need not be larger than 30 feet

in diameter.
In a more restricted meaning this wire-

less transmitter is one in which the Hen/
wave radiation is an entirely negligible

quantity as compared with the wholi
energy, under which condition the damp-
ing factor is extremely small and an enor-
mous charge is stored in the elevated capa-
city Such a circuit may then In- excited
with impulses of any kind, even of low
frequency and it will yield sinusoidal and
continuous oscillations like those of an
alternator

Taken in the narrowest significance of
the term, however, it is a resonant trans-

former which, besides possessing these
qualities, is accurately proportioned to fit

the globe and its electrical constants and
properties, by virtue of which design it be-

comes highly efficient and effective in the

y'ou benefit by mentioning the "Electrical Experimenter" when writing to adftrliffn.
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wireless transmission of energy. Distance
is then absolutely eliminated, there being

no diminution in the intensity <>f the trans-

mitted impulses. It is even possible t<> make
the actions increase with the distance from
the plant according to an exact mathemati-
cal law.

This invention was one of a number com-
prised in my "World-System'' of wireless

transmission which I undertook to commer-
cialize on my return to New York in 1900.

As to the immediate purposes of my enter-

prise, they were clearly outlined in a tech-

nical statement of that period from which
I quote

:

"The 'World-System* has resulted from a com-
bination of several original discoveries made by
the inventor in the course of long continued re-

search and experimentation. It makes possible

not only the instantaneous and precise wireless

transmission of any kind of signals, messages or
characters, to all parts of the world, but also the
inter-connection of the existing telegraph, tele-

phone, and other signal stations without any change
m their present equipment. By its means, for

instance, a telephone subscriber here may call up
and talk to any other subscriber on the Globe. An
inexpensive receiver, not bigger than a watch,
will enable him to listen anywhere on land or sea,

>peech delivered or music played in some
other place, however distant. These examples are
cited merely to give an idea of the possibilities of
this great scientific advance, which annihilates dis-

tance and makes that perfect natural conductor,
the Earth, available for all the innumerable pur-

fioses which human ingenuity has found for a
ine-wire. One far-reaching result of this is that
any device capable of being operated thru one or
more wires (at a distance obviously restricted) can
likewise be actuated, without artificial conductors
and with the same facility and accuracy, at dis-

tances to which there are no limits other than
those iniposed by the physical dimensions of the
tilobe. Thus, not only will entirely new fields for
commercial exploitation be opened up by this ideal
method of transmission but the old ones vastly
extended.
"The "World-System' is based on the applica-

tion of the following important inventions and
discoveries:

"1. The 'Testa Transformer.1 This apparatus
is in the production oi electrical vibrations as
revolutionary as gunpowder was in warfare. Cur-
rents many times stronger than any ever generated
in the usual ways, and sparks over one hundred
feet long, have been produced by the inventor
with an instrument of this kind.

"2, The 'Magnifying Transmitter.' This is

Tesla's best invention—a peculiar transformer spe-

cially adapted to excite the Earth, which is in the
transmission of electrical energy what the tele-

scope is in astronomical observation. By the use
of this marvelous device he has already set up
electrical movements of greater intensity than those
of lightning and passed a current, sufficient to light

more than two hundred incandescent lamps, around
the Globe.

"3. The 'Testa Wireless System.' This system
comprises a number of improvements and is the
only means known for transmitting economically
electrical energy to a distance without wires. Care-
ful tests and measurements in connection with an
experimental station of great activity, erected by
the inventor in Colorado, have demonstrated that
power in any desired amount can be conveyed,
clear across the Globe if necessary, with a loss
not exceeding a few per cent.

"4. The 'Art of Individualization.' This in-

vention of Tesla is to primitive *tuning* what re-

fined language is to unarticulated expression. It

makes possible the transmission of signals or mes-
sages absolutely secret and exclusive both in the
active and passive aspect, that is, non-interfering as
well as nou-interferable. Each signal is like an
individual of unmistakable identity and there is

virtually no limit to the number of stations or
instruments which can be simultaneously operated
without the slightest mutual disturbance.

"5. The terrcstia! Stationary Waves." This
wonderful discovery, popularly explained, means
that the Earth is responsive to electrical vibrations
of definite pitch just as a tuning fork to certain

waves of sound. These particular electrical vibra-

tions, capable of powerfully exciting the Globe,
lend themselves to innumerable uses of great im-
portance commercially and in many other respects.

"The first 'World-System' power^ plant can be
put in operation in nine months. With this power
plant it will be practicable to attain electrical ac-

tivities up to ten million horsepower and it is de-

signed to serve for as many technical achievements
as are possible without due expense. Among these

the following may be mentioned:
"(1) The inter-connection of the existing tele-

graph exchanges or offices all over the world;
"(2) The establishment of a secret and non-

interferable government telegraph service;

"(3) The inter-connection of all the present
telephone exchanges or offices on the Globe;

"(4) The universal distribution of general
news, by telegraph or telephone, in connection with
the Press;

"(5) The establishment of such a 'World-Sys-
tem' of intelligence transmission for exclusive pri-

vate use;
"(6) The inter-connection and operation of all

stock tickers of the world;
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$15,000.00

COMPLETE WIRELESS OUTFIT
For Sale

General Description
15 KVA Motor Generator set. Motor is 440 volt. 120 cycle. 4000 R P M typo, built

to stand heavy overloads for indefinite lengths ot time. Generator same specifica-

tions. Set is Xo. 3 phase, complete with all controls, starters, meters,

Three transformers. Discharger of Rotary Type, condenser, etc.

Induction transformer of sufficient size to be used on any wave length up t.> JiKli)

meters with a 650 foot antennae.

Capacity of apparatus without extending :

—

800 miles at day.
2800 miles at night.

Installed at a cost of over $15,000.00

The equipment comprising this outfit was the very highest type that could be bought : it

is complete—ready to erect and operate without the purchase of other apparatus. Was in

daily use when ordered sealed for the duration of the war. The outfit has been completely
overhauled and is guaranteed to be in first class operating condition.

For further information, price, etc., address

Box 100, "7 Electrical Experimenter

YOU can BUILD this
PHONOGRAPH easily!
TREMENDOUS SAViNG IN COST

You don't need to be a cabinet maker. We
have made, it an easy and a pleasant job with
f~\ #1~«- y \°C* Dl Wefurnishb!ueprint3.diagTsms.*

*~r+** *-/»"»pa»* »\^V» * »«*»•»»
p|ete> you baL1d the cabinet and

assemble. A few hours' work, and you will have as fine a type of phonograph
as any produced, and at a price away below what you would pay in a store.

Keep the Savings in Your Pocket
Your machine will play all records, will have a wonderful tonal quality, excelled by
none. No need now for any family to be without a phonograph because of the cost.

THE MAKAFONE solves the problem. BUILD IT YOURSELF AT LESS THAN
ONE-FOURTH REGULAR COST, but equal to the high priced cabinet machines.
Free Records with each outfit. SEND TODAY FOR FREE CATALOG and full

particulars of our wonderful offer. Many a manufacturer got his start tit this

way. Why not you? Build machines and sett to yvur friends. Ask us about this.

AGENTS ATTENTION -
ff"

mm^—— — -——— -•
You can make and sell this machine from | \VRITE TODAY I
our plans at a profit of *50 to $75 each, «****-• » -w »^ • « •
Others are selling two and three a week. I MODEM PHONOGRAPH SDrfIT CO.

Here is your opportunity to make big " KM Spmiei BWj.. 313 S©. dam Su Oicar*- H
money and become independent. Pleas- G-oti<-™n pi«*»« amd me full p*rt>cuUn of nme,

ant and profitable work. START TODAY. . *»"<°» vnpw™, *itfiw»t »bUc*i*>i» » m..

MODERN PHONOGRAPH SUPPLY CO. i
* ftm6

104 Springer BUg., 313 Sa.CDnionSl..aikago,Ill. . Street Addrew

I^HBMHI Wn\mWt City or Town •-*

THE UURME

Boys! You Can Make Your Own Electrical Ap-
paratus with the aid of these wonderful books

Home-made Electrical Apparatus

JJRTSjt*D SCt£S-'C£S J*° S

COLE & MORGAN inc.

By A. M. Powell
Three wonderful big books, chuck full of just the sort of information

you have been looking for and at a price within reach of your pocket book.
Each volume is printed on heavy paper, contains 75 pages and over 60
illustrations, complete working drawings for making every sort of electrical
apparatus. Written so you can understand them. The price is only 25
cents per copy—practically the cost of publication. See partial table of
contents below and order now. The supply is limited.

Vol. I Contains working drawing* and directions for making all sorts of Static Ma-
Static Apparatus, Home-made Batteries. Storage Cells, Tran>fornier>, Recti-

fiers, etc.

Vol. II contains working drawings and directions for all sorts of Voltmeters. Am-
meters, Galvanometers, Bwltcbes, Rheostats, Telegraph Keys. Sounders, Telephones.
Shocking Coils. Spark Coils. E\periment>. etc.. etc.

Vol. Ill contains working drawing* an<i directions for making all sorts of Dynamos.
Motors. Electric Engines. Miniature Lighting Plants. Wireless Telegraph Apparatus,
Tesla Coils. Wireless Telephone. Electroplating. Experiments, etc.. etc.

Any of these wonderful books will be sent to you postpaid for 25 cents.

COLE & MORGAN.'Inc. Publishers and Booksellers

P. O. Box 473, C. H. Sta., New York City

INDEX
to

ELECTRICAL EXPERIMENTER

SCIENCE & INVENTION

For Vol. 1, 2, 3,

15c
EXPERIMENTER PUBL. CO.
Book De*. 231 Fulton St.. N. Y.

You benefit by mentioning the Electrical Experimenter'' ziheu writing to advertisers.
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DUCK'S BIG 300 PP.
Wireless & Electrical

Catalog is now as it always has been, the largest and must

complete and dependable Wireless Catalog published. Mailed

for 12c in stamps or coin which may be deducted on first order

of one dollar. Catalog not sent otherwise. This catalog costs us
twice the price of other catalogs.

Everything in wireless -vorth -.chile is listed in this catalog. The experienced amateur will tell

you to see our catalog before baying. You are thereby insured against an unwise purchase. It

is the Beat-on Light to guide you right in the selection of your wireless apparatus. No bigger or

better v.dues ire obtainable elsewhere. Send for revised price list. It is yours for the asking.

THE WILLIAM B. DUCK CO., 230-232 Superior St., Toledo, Ohio

RADIO BULLETIN
The great impetus given to radio development during

the war is fully symbolized by our new line of high

grade radio apparatus. Electrically and mechanically

modern and distinctive.

Send for free bulletin

A. H. GREBE & COMPANY
RICHMOND HILL NEW YORK

TL. IflVF ls 'he Best. Cheapest and
ine JUlL Most Reliable Detector.

Sample by mail for $1.44.

"BUNNELL" Goods

are ALWAYS RELIABLE

5-^ Wireless Manual No. 40 E. ggf
Our Condensers, Transformers, Head Sets,

etc., are the acknowledged standard of High

Grade Radio Apparatus.

J. H. BUNNELL& Co., Inc. 32 Park Place, NewYork

^ Radio Amateurs -*

Write us today for a Free Copy of our New Bulletin of latest Radio Apparatus.

We handle the products of fifty-three manufacturers of Radio Supplies and can

take your order for any piece of Wireless Apparatus on the amateur market.

Buying your radio apparatus through us will be as much to your benefit as to our

profit. One order and one stamp will cover your entire needs.

Take Advantage of Our Free Information Department
where our Radio Expert is at your service.

Our Bulletins arc now ready for Free distribution and supplements will be issued at ireuuent inter-

val*. A poatcard will bring you our Latest Bulletin and put your name on our Mailing List.

Dept.
NATIONAL RADIO

100, 1405 U Street :

SUPPLY CO.
: Washington, D. C.

M THERE'S MONEYIN IT"

ARN TELEGR4
ziTLj^TLMORSE AND WIRELESS":^H^ LEARN TELEGRAPHY^"

TEACH YOURSELF
In half the usual time, at trifling cost, with the
wonderful Automatic Transmitter. THE OMNIQRAPHi
Sends unlimited Morse or Continental messages, at
any speed, just aa an expert operator would.

Adopted by U. S. Gov't. 4 stylss. CatslSfst ''•••

OMNIGRAPH MFG. CO.
39L Cortlandt St. New York

*'(7) Tin- establishment of a World-System' of

musical distribution, etc.;
"<K> The universal registration of time by

at p clocks indicating the hour with astronomical
11 and requiring no attention whatever;

"(9) The world transmission of typed "t band
written characters, letters, checks, etc.;

"(10) The establishment ox a universal marine
servio enabling the navigators of all slnp^ to steei

perfectly without compass, to determine the exact
lucatinn, hour and speed, to prevent collision! -mil

disasters, etc.;
"(11) The inauguration of a system of world

printing on land and sea;
*'(12) The world reproduction of photographic

pictures and all kinds of drawings or records."

I also proposed to make demonstrations in

the wireless transmission of power on a
small scale but sufficient to carry convic-
tion. Besides these I referred to other and
incomparably more important applications
of my discoveries which will be disclosed at

some future date.

A plant was built on Long Island with a

tower 187 feet high, having a spherical

terminal about 68 feet in diameter. These
dimensions were adequate for the transmis-
sion of virtually any amount of energy.
Originally only from 200 to 300 K.W. were
provided but I intended to employ later

several thousand horsepower. The trans-

mitter was to emit a wave-complex of spe-

cial characteristics and I had devised a
unique method of telephonic control of any
amount of energy.
The tower was destroyed two years ago

but my projects are being developed and
another one, improved in some features,

will be constructed. On this occasion I

would contradict the widely circulated re-

port that the structure was demolished by
the Government which owing to war con-
ditions, might have created prejudice in the

minds of those who may not know that the

papers, which thirty years ago conferred
upon me the honor of American citizen-

ship, are always kept in a safe, while my
orders, diplomas, degrees, gold medals and
other distinctions are packed away in old

trunks. If this report had a foundation I

would have been refunded a large sum of

money which I expended in the construc-

tion of the tower. On the contrary it was
in the interest of the Government to pre-

serve it, particularly as it would have made
possible—to mention just one valuable re-

sult—the location of a submarine in any
part of the world. My plant, services, and
all my improvements have always been at

the disposal of the officials and ever since

the outbreak of the European conflict I

have been working at a sacrifice on several

inventions of mine relating to aerial naviga-

tion, ship propulsion and wireless transmis-

sion which are of the greatest importance
to the country. Those who are well in-

formed know that my ideas have revolu-

tionized the industries of the United States

and I am not aware that there lives an in-

ventor who has been, in this respect, as

fortunate as myself especially as regards
the use of his improvements in the war. I

have refrained from publicly expressing
myself on this subject before as it seemed
improper to dwell on personal matters
while all the world was in dire trouble. I

would add further, in view of various

rumors which have reached me, that Mr. J.

Pierpont Morgan did not interest himself

with me in a business way but in the same
large spirit in which he has assisted many
other pioneers. He carried out his gener-

ous promise to the letter and it would have
been most unreasonable to expect from him
anything more. He had the highest regard
for my attainments and gave me every

evidence of his complete faith in my ability

to ultimately achieve what I had set out to

do. I am unwilling to accord to some
small-minded and jealous individuals the

satisfaction of having thwarted my efforts.

These men are to me nothing more than

microbes of a nasty disease. My project

was retarded by laws of nature. The world
was not prepared for it. It was too far

ahead of time. But the same laws will pre-

vail in the end and make it a triumphal

success.

You benefit by mentioning the "Electrical Experimenter" when writing to advertisers.
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Experimenters—KNOBS
BASES — INSULATION

bottom has a e.ivity 8"
dimensions 4%"

Pine black composi-
tion bus suitable for
detector, fixed eon-
den I 6 r, etc. The

x l
1 -" x %". Over all

x Vz". Two holes for
binding posts and two for fastening down t«

table. Postpaid 30c

Knob 1M x 34
Hole through center for
mounting.

Port paid 20c

Knob 11/16 x 21/32
With 8 '.'{2 brass thread-
ed bushing.

Post paid 20c

Contact points, switch levers,

condenser planus, etc.

Bakelite panels, about
9 x 19 x W Black XX $4.00
19 x 19 x % Black XX 8.00
9 x 19 x 3 16 Black XX 3.00
19 x 19 x 3 16 Black XX 6.00

A. H. CORWIN & CO.
924 Kinney Building Newark, N. J.

PREPARED!
The lifting of the wireless ban

finds the Newman-Stern Co. fully

prepared to meet the increased needs
of its customers.

Tremendous stocks of apparatus, wires
and raw materials, accumulated and re-
served for the day when amateur wireless
would be resumed, now assure our cus-
tomers IMMEDIATE Service.

Ninety-nine of every hundred orders
will be shipped within twenty-four (24)
hours following their receipt.

Present prices are in accordance
with price-change schedule effective

Feb. 20, 1919, applying to Catalog
C-3.

Present prices on any item listed in
Catalog B-2 (Handy-Book) will be
quoted on request.

^TV£unTVCLA\.-2rtgAA\^

CLEVELAND, OHIO

CMtrAMCALS
| for THE EXPEKIAVENTcR

|

DON'T PAY FANCY PRICES for

chemicals. Buy highest qualiry for low-

price. Our unique system of standardization

guarantees you at all times (he most for your

money. Send today for interesting free booklet

describing the money-saving, value-giving, N-S
plan and listing hundreds of chemicals, chem-
ical glass ware, and apparatus.

THIS RELIABLE MAIL ORDER HOUSE
•rorld (wnH (of iti "irclca telnnph ippantiu and trpen-

mwn' Kipplie*. h» been urpd by hundfedi ol in patron* to

cffftliih i themi«rj dtpjnmtnt. In tmwrr »e oHn what »t
bebccio be the (nm complete amjttur eipenmeniil chemiofy

in the UL 9. Bujr -here you »'* ilui,. iwured d St—4m4
p,,fin-. Sumdmrd Qmtmitj. Slmmdard fj.-hmf. Jii«miW /Via.

THE NEWMAN-STERN CO.
DLJ-JU--J.I EE CLEVELAND. A

JlmTloni/mxwR'Sta/un, S-y/vtfl/m,
~

Not Toys But Real Apparatus
the same as used by all operating companies.

You had better send us your order immediately

to insure prompt delivery, as this equipment
will not last long at these prices.

110 Volt Hand Generators 3 bars, each $3.00
4 bars, each 4.00

5 or 6 bars, each 5.00

Telephone transmitters with arms. each.. .75

Good ringers complete with bells, each 50

Telephone receivers, each 75

Condensers, yz to 2 M.F., each 50
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Tesla Bmlfos
(Continued front page 134)

scription of the phenomenon, as seen in a

bulb without conducting electrode. It i*

observed under the following conditions:

"When the globe L (Figs. 1 and I) is

exhausted to a very high degree, generally

the bulb is not excited upon connecting the

wire w (Fig. 1), or the tinfoil coating of

the bulb (Fig. 2) to the terminal of the in-

duction coil. To excite it, it is usually suf-

ficient to grasp the globe L with the hand.

An intense phosphorescence then spreads at

first over the globe, but soon gives place to

a white, misty light. Shortly afterward
one may notice that the luminosity is un-

evenly distributed in the globe, and after

passing the current for some time the bulb

appears as in Fig. 4. From this stage the

phenomenon will gradually pass to that in-

dicated in Fig. 5, after some minutes, hours,

days or weeks, according as the bulb is

worked. Warming the bulb or increasing

the potential hastens the transit.

"When the brush assumes the form in-

dicated in Fig. 5, it may be brought to a

state of extreme sensitiveness to electro-

static and magnetic influence. The bulb

hanging straight down from a wire, and
all objects being remote from it, the ap-

proach of the observer at a few paces from
the I'ull' will cause the brush to fly to the

opposite side, and if he zvalks around the

bulb it will always keep on the opposite side.

It may begin to spin around the terminal

long before it reaches the sensitive stage.

IVhen it begins to turn around, principally,

but also before, it is affected by a magnet,

and at a certain stage it is susceptible to

magnetic influence to an astonishing degree.

A small permanent magnet, with its poles

at a distance of no more than two centi-

meters, will affect it visibly at a distance of

two meters, slowing down or accelerating

the rotation according to how it is held rel-

atively to the brush. I think I have ob-

served that at the stage when it is most
sensitive to magnetic, it is not most sensi-

tive to electrostatic, influence.

"When the bulb hangs with the globe
L down, the rotation is always clockwise.
In the southern hemisphere it would
occur in the opposite direction, and on
the equator the brush should not turn at

all. The rotation may be reversed by a
magnet kept at some distance. The
brush rotates best, seemingly, when it is

at right angles to the lines of force of the
earth. It very likely rotates, when at its

maximum speed, in synchronism with the
alternations, say, 10,000 times a second.
The rotation can be slowed down or accel-

erated by the approach or receding of the

observer, or any conducting body, but it

cannot be reversed by putting the bulb in

any position. When it is in the state of the

highest sensitiveness and the potential or
frequency be varied, the sensitiveness is

rapidly diminished. Changing either of

these but little will generally stop the rota-

tion. The sensitiveness is likewise affected

by the variations of temperature. To attain

great sensitiveness it is necessary to have
the small sphere J in the center of the

globe L, as otherwise the electrostatic action

of the glass of the globe will tend to stop

the rotation. The sphere J should be small

and of uniform thickness; any dissymmetry
of course has the effect to diminish the sen-

sitiveness.

"The fact that the brush rotates in a defi-

nite direction in a permanent magnetic field

seems to show that in alternating currents of

very high frequency the positive and nega-

tive impulses are not equal, but that one al-

ways preponderates over the other.

"Of course, this rotation in one direction

may be due to the action of the two ele-

ments of the same current upon each other,

or to the action of the field produced by one
of the elements upon the other, as in a
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series motor, without necessarily one im-
pulse being stronger than the other. The
tact that the brush turns, as tar as I could
observe, in any position, would account for
this theory. In such case it would turn at

any point of the earth's surface. But, on
the other hand, it is then hard to explain
why a permanent magnet should reverse the
rotation, and one must assume the prepon-
derance of impulses of one kind.

"As to the causes of the formation of the
brush or stream, I think it is due to the
electrostatic action of the globe and the
dissj minetry of the parts. If the small bulb
s and the globe L were perfect concentric
spheres, and the glass thruout of the same
thickness and quality, I think the brush
would not form, as the tendency to pass
would be equal on all sides. That the for-
mation of the stream is due to an irregu-
larity is apparent from the fact that it has
the tendency to remain in one position,
and rotation occurs most generally only
when it is brought out of this position by
electrostatic or magnetic influence. When
in an extremely sensitive state it rests in
one position, and most curious experiments
may be performed with it. For instance,
the experimenter may, by selecting a proper
position, approach the hand at a certain con-
siderable distance to the bulb, and he may
cause the brush to pass off by merely stif-

fening the muscles of the arm. When it be-
gins to rotate slowly, and the hands are held
at a proper distance, it is impossible to make
even the slightest motion without producing
a visible effect upon the brush. A metal
plate connected to the other terminal of the
coil affects it at a great distance, slowing
down the rotation often to one turn a
second.

"I am firmly convinced that such a brush,
when we learn how to produce it properly,
will prove a valuable aid in the investiga-
tion of the nature of the forces acting in

an electrostatic or magnetic field. If there
is any motion which is measurable going on
in the space, such a brush ought to reveal
it. It is, so to speak, a beam of light

—

frictionless, devoid of inertia.

"I think that it may find practical appli-
cations in telegraphy. With such a brush it

would be possible to send dispatches across
the Atlantic, for instance, with any speed,
since its sensitiveness may be so great that
the slightest changes will affect it. If it

were possible to make the stream more in-

tense and very narrow, its deflections could
lie easily photographed.

"I have been interested to find whether
there is a rotation of the stream itself, or
whether there is simply a stress traveling
around the bulb. For this purpose I

mounted a light mica fan so that its vanes
were in the path of the brush. If the
stream itself \va> rotating the fan would
be spun around. I could produce no dis-
tinct rotation of the fan, altho I tried the
experiment repeatedly ; but as the fan
exerted a noticeable influence on the stream,
and the apparent rotation of the latter was.
in this case, never quite satisfactory, the
experiment did not appear to be conciusive.

"I have been unable to produce the phen-
omenon with the disruptive discharge coil,

altho every other form of these phenomena
can be well produced by it—many, in fact,

much better than with coils operated from
an alternator.

"It may be possible to produce the brush
by impulses of one direction, or even by a
steady potential, in which case it would be
still more sensitive to magnetic influence."

Fig. 6 shows a practical application of the
Tesla bulb. The bulb itself, as will be seen,
is excited by means of a Tesla high fre-

quency alternator which, in turn, is con-
nected to the primary of a transformer.
The secondary of the transformer is

grounded at one end, while the other end
of the transformer connects with the Tesla
bulb.

Dr. Tesla, in an interview, stated that
< ( ontinued on page 1S4
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the best way to use the bull) for such ex-
periments is when the shaft of light is in

the position as shown in Figs. 5 and 6. at

rest, but in a state of equilibrium incon-
ceivably delicate. This is fully described
above in Dr. Tesla's lecture. The inventor
states that in such a condition, the shaft of
light is marvelously sensitive to magnetic
disturbances. Dr. Tesla informs us thai a
toy permanent horseshoe magnet not longer
than l/2 " and with its poles l/$" apart could
with ease throw the shaft of light out of its

normal direction across the whole room. In
our illustration, an electromagnet is shown
a few inches away from light ray, and we
can imagine a slot in a screen in such a way
that normally no light falls thru it. It,

however, very faint radio-telegraphic im-
pulses surge thru the electromagnet, the
light ray will immediately become displaced,
and will fall into the slot. Inasmuch as this

shaft of light has no inertia, it will follow
exactly the dot and dash impulses surging
thru the electromagnet, no matter how
rapidly they take place. They can then
either be read off by the eye, or if desired,
can be registered upon a fast moving film.

This method will, of course, only be used
where the transmission is made at high
speed, and where it would be impossible for
an operator at the receiving end to follow
the dots and dashes with the eye.

The method shown by us in Fig. 6, of
course, represents only one. Many others
can undoubtedly be evolved to use the Te^Ia
bulb to advantage.
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